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other. All measurements are afflicted with an unavoidable error. 
The true value of the measurement is never known only that it falls 
within the error range. For two measurements to be truly different 
the error ranges cannot overlap otherwise both measurements may 
5 fall into the overlap region where they would not be different from 
each other. 

The embodiment, as shown in FIG. 3 illustrates the 
teachings of the instant. Accordingly, sensors 2 are placed on a 
subject 1 to detect signals representative of electromechanical 

10 physiological signals A to include but not limited to ventricular 
and atrial volumes, cross-sectional ventricular and atrial areas, 
ventricular, arterial, central venous, jugular, radial, pulmonary 
artery, carotid, and atrial pressures, electrical signals, 
echocardiographic signals, time signals for one heart cycle, and 

15 heart rate which are transmitted on multi-line wire 3 to computer 
4. Such sensors 2 may include catheters, ultra-sound equipment, 
pressure transducers , blood pressure cuffs, electrodes, and 
echocardiographic sensors as required for differential assessment 
of the left or right heart electromechanical physiological 

20 parameters. Additional input representative of patient information 
including weight, height, body surface area, pre-selected time 
intervals, and pre-selected basal electromechanical physiological 
parameters values is provided from a keyboard 5 to computer 4 on 
line 6. Computer 4 is programmed to process the incoming signals on 

11 
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line 6 to establish a basal value for AA*^^ as basal unit for the 
cardiocirculatory functionality scale and to establish basal values 
EF{A) taMl , A^basai, and A 2 * baMl for further establishing boundary zones 
of criticality. Computer 4 is also programmed to process the 
5 incoming signals on line 3, to determine their magnitudes and to 
convert them into multiples of the basal unit for use on the 
cardiocirculatory performance scale. Further, computer 4 generates 
a performance diagram, establishes zones of criticality and 
determines myocardial impairment, myocardial fitness, hyper- and 

10 hypo- systolic and diastolic dysf unctionality , and critical illness 
by reference to the zones of criticality. Additionally, computer 4 
determines suitable values of EF (A) , AA* , A x *, and A 2 * to establish 
a trend for diagnosis of compliance and failure of the 
cardiocirculatory system. All parameters, representative of said 

15 functionality,, are transmitted by line 8 to a monitor 9 which is 
comprised of a display 10, audible and visual alarms 11 to warn of 
emergencies if preset values of the parameters are attained, and 
indicators 12 to display diagnosis of myocardial impairment, hyper- 
and hypo- dysf unctionality, critical illness, compliance, failure, 

20 progress, regress, outcome, and physical fitness from the 
attainment of specific magnitudes of the electromechanical 
physiological variables, measured on the cardiocirculatory 
performance scale by reference to the zones of criticalities . The 
signals displayed by display 10 and the audio and visual alarms 11 

12 
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and the signals displayed by indicator 12 are transmitted on line 
14 to a printer 13 for producing hard copies and on line 16 to a 
modem 15 for transmission over telephone lines to central storage. 
A memory 17 in the computer 4 serves as storage of all information 
and data. 

Referring now to FIG. 4, there is shown a PD generated by 
computer 4 of FIG. 3 from data published by Bonignore et.al. in an 
article entitled, Obstructive sleep apneas, in Respiratory Critical 
Care Medicine 1994;149:155-159, prior to, during and after 
termination of a sleep apnea. Here the electromechanical 
physiological parameter AA* is the pulmonary artery pulse pressure, 
PP*, A r * is the systolic pulmonary artery pressure SBP*, and A 2 * 
is the diastolic pulmonary artery pressure, DBP* all measured in 
basal units and displayed versus time at successive heart beats, 
according to the instant invention, said PD showing alternating 
hyper-dysfunctionality, H, myocardial impairment, M, systolic hypo- 
dysfunctionality, S, diastolic hypo -dys functionality, D, and 
critical illness, C, during the apneic period. According to the 
instant invention, an alarm is triggered upon the attainment of the 
danger zones of myocardial impairment and hypo -dys functionality. A 
different sound may be triggered upon the attainment of the zone of 
critical illness, thus, providing an instant warning of imminent 
death . 

Referring now to FIG. 5, there is shown a PD generated by 

13 
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CLAIMS 

I claim: 

■1. A cardiac diagnostic device and method for 
establishing cardiocirculatory functionality of an individual, 
said device including the combination of: 

means for measuring physiological parameters of such 

subject; 

means responsive to the measurement of physiological 
parameters for deriving cardiocirculatory functionality; 

means for deriving a cardiocirculatory performance 

scale; 

means for measuring cardiocirculatory functionality on 
the performance scale; 

means for establishing zones of criticality on the 
performance scale; 

means for display of cardiocirculatory functionality in 
a performance diagram; 

means to diagnose normo- functionality, hyper- 
dysfunctionality, myocardial fitness, myocardial impairment, 
hypo-dysfunctionality, and critical illness on the 
cardiocirculatory performance scale by reference to the zones of 
criticality; and 

means to diagnose cardiocirculatory compliance and 
failure from trend measurements to determine outcome. 

17 
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2. The cardiac diagnostic device according to claim 1 
wherein said measurements of physiological parameters include any 
and all electromechanical physiological parameters; 

3 . The cardiac diagnostic device according to claim 1 
wherein said means for deriving said cardiocirculatory 
performance scale includes a computer for establishing basal 
units, for said cardiocirculatory performance scale from inputs 
of multiples of constant physiological parameters via a keyboard, 
said basal units further establishing zones of criticalities . 

4. The cardiac diagnostic device according to claim 1 
wherein said means for establishing cardiocirculatory 
functionality includes a computer for determining 
cardiocirculatory functionality from the functionality equations 

AA* = EF (A) * A x * 
AA* = A 4 * - A 2 * 
EF (A) = A 1 - A 2 

wherein AA*, A x *, and A 2 * equal AA, A x , and A 2 referenced to time, 
body surface area and basal AA* and wherein A x is an 
electromechanical parameter measured at time t x , A 2 is an 
electromechanical parameter measured at time t 2 , and AA is the 
difference of A x and A 2 . 

5. The cardiac diagnostic device according to claim 4 
wherein said computer measures cardiocirculatory functionality on 
the performance scale in multiples of basal units for display in 

18 
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a performance diagram, and further establishes a trend of said 
functionality. 

6. The cardiac diagnostic device according to claim 5 
wherein said computer diagnoses myocardial fitness, myocardial 
impairment, hyper-systolic, hyper-diastolic, hypo-systolic, hypo- 
diastolic dysfunctionality, normo-functionality, preload, 
afterload, critical illness, cardiocirculatory compliance, and 
failure by comparison of EF (A) , AA* , A x * , A 2 *, with the zones of 
criticalities and their time trend; 

wherein EF (A) greater than the basal value establishes 
the zone of myocardial fitness; 

wherein EF (A) less than the basal value establishes the 
zone of myocardial impairment; 

wherein A x * greater than the basal value establishes 
the zone of hyper-systolic dysfunctionality, excessive preloads 
and compliance; 

wherein A x * less than the basal value establishes the 
zone of hypo-systolic dysfunctionality, depressed preloads and 
failure; 

wherein A 2 * greater than the basal value establishes 
the zone of hyper-diastolic functionality, excessive afterloads, 
and compliance; 

wherein A 2 * less than the basal value establishes the 
zone of hypo-diastolic dysfunctionality, depressed afterloads, 



19 
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and failure; 

wherein AA* less than the basal value establishes a 
zone of critical illness; 

wherein A x *, AA* , and A 2 * equal to their respective 
5 basal values establishes normo-functionality; 

wherein trends of EF (A) , A x *, AA* , and A 2 * approaching 
basal values denotes progress; 

wherein trends of EF(A), A x *, AA* , and A 2 * departing 
from the basal values denotes failure; 
10 7. The cardiac diagnostic device according to claim 3 

wherein said computer is programmed to subject the measurements 
of all physiological measurements A and their derivatives to the 
' test of separation, according to the relationship 
| iti! - m 2 | > e m x + e m 2 
15 to establish trends for progress and regress determinations. 

8. The cardiac diagnostic device according to claim 6 
to design and monitor patient-specific therapies for improvement 
of myocardial fitness and treatment of myocardial impairment, for 
treatment of hyper- and hypo- systolic and diastolic 

20 dys functionality, hypo- and hyper- preloads and afterloads, 
critical illness, for maintenance of cardiocirculatory 
compliance, and effectuating cardiocirculatory failure. 

9 . The cardiac diagnostic device according to claim 6 
to diagnose cardiocirculatory fitness and to design and monitor 

20 
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patient-specific rehabilitation and subject-specific conditioning 
programs . 

10. The cardiac diagnostic device of claim 6 wherein 
said computer evaluates the efficacy of drugs to effectuate 
patients in the zones of criticalities and cardiocirculatory 
failure. 

11. The cardiac diagnostic device of claim 1 wherein 
said sensors include catheters, pressure transducers, pressure 
cuffs, electrodes, or echocardiographic sensors. 

12. The cardiac diagnostic device according to claim 1 
wherein said measurements derived by said sensors correspond to 
any electromechanical physiological parameter, including 
ventricular volumes; ventricular and atrial cross-sectional 
areas; ventricular, arterial, central venous, pulmonary artery, 
wedge, carotid, atrial, jugular, and radial pressures, inspired 
and expired volume of gases, electrocardiographic and 
echocardiographic signals, time for completion of one heart beat, 
heart rate, pre-selected times, and combinations thereof. 

13 . The cardiac diagnostic device according to claim 1 
for determining outcome by reference to functionality, 
cardiocirculatory compliance and cardiocirculatory failure. 

14. A method of diagnosing cardiac functionality of an 
individual, said method including the steps of: 

measuring electromechanical physiological parameters A 

21 
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of said individual at an initial time t x , denoted A 1# and at a 
subsequent time t 2 , denoted A 2 , 

establishing a cardiocirculatory performance scale and 
further establishing basal units of said performance scale by 
referencing basal constant data of A to a pre-selected basal time 
of one heart beat and body surface area, 

establishing zones of criticalities on the 
cardiocirculatory performance scale by reference to the basal 
units of said scale, 

establishing cardiocirculatory functionality from 
functionality equations 
AA* = EF (A) * A x 
AA* = A x * - A 2 * 
EF(A) = (A x - A 2 ) / A x 
wherein AA*, A x *, and A 2 * equal AA, A x , and A 2 referenced to time 
body surface area, and basal AA* and wherein h lt is an 
electromechanical parameter measured at time t lt A 2 is an. 
electromechanical parameter measured at time t 2 , and AA is the 
difference of A x and A 2 . 

establishing trends for the parameters computed by the 
functionality equations for display in a performance diagram; 

subjecting the measurements of all physiological 
parameters and their derivations to the test of separation 
according to the relationship 
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measuring electromechanical physiological signals on 
the cardiocirculatory performance scale by referencing the 
measured signals with respect to time, body surface area and the 
basal units; 

diagnosing normo-functionality, myocardial fitness, 
myocardial impairment, hyper-systolic dysfunctionality, hyper- 
diastolic dysfunctionality, hypo-systolic dysfunctionality, hypo- 
diastolic dysfunctionality, preload, afterload, and critical 
illness by reference to the zones of criticalities, and 
diagnosing cardiocirculatory compliance and cardiocirculatory 
failure from the trend of the parameters computed from the 
functionality equations. 

15. The method of claim 14 including the steps of 
design and monitoring of patient-specific rehabilitation programs 
for treatment of dys'functionalities, myocardial impairment, 
critical illness, and effectuating cardiocirculatory compliance 
and cardiocirculatory failure. 

16. The method of claim 14 including the steps of 
design and monitoring subject-specific conditioning programs. 

17 . The method of claim 14 including the steps of 
evaluating the efficacy of drugs by reference to the zones of 
criticalities and the trend of the parameters computed from the 
functionality equations. 

23 
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18. The method of claim 14 including the steps of 
determining outcome of an intervention by reference to 
functionality and the time trends thereof. 

19. The method of claim 14 wherein said step of 
measuring includes all electromechanical signals deriving signals 
corresponding ventricular volumes, ventricular and atrial cross- 
sectional areas, ventricular, arterial, central venous, pulmonary 
artery, carotid, atrial, jugular, and radial pressures, inspired . 
and expired volumes of gases, electrocardiographic, and 
echocardiographic signals, time for completion of one heart beat, 
pre-selected times, and combinations thereof. 

20. The method of claim 14 wherein said step of 
measuring includes catheters, pressure transducers, pressure 
cuffs, electrodes, and echocardiographic sensors. 
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ABSTRACT 



A diagnostic and monitoring device is used to diagnose 
myocardial impairment, dysfunctions, and the state of criti- 
cal illness. The device has utility to design and monitor 
therapies for differential treatment of myocardial 
impairment, dysfunctions, rehabilitation, and conditioning 
exercises. Ventricular size, pressures, and heart rate are 
measured to determine cardiac efficiency given by volume 
and pressure efficiency components, cardiac work and myo- 
cardial oxygen consumption, the data being displayed in 
efficiency and performance diagrams to diagnose myocar- 
dial impairment from cardiac efficiency data, dysfunctions 
from myocardial oxygen consumption data, and the state of 
critical illness from cardiac work data. 

19 Claims, 5 Drawing Sheets 
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While the present invention has been described in con- 
nection with the preferred embodiments of the various 
figures, it is to be understood that other similar embodiments 
may be used or modifications and additions may be made to 
the described embodiment for performing the same function 
of the present invention without deviating therefrom. 
Therefore, the present invention should not be limited to any 
single embodiment, but rather construed in breadth and 
scope in accordance with the recitation of the appended 
claims. 

1 claim: 

1. A cardiac diagnostic device for monitoring a subject, 
said device including; 

means for measuring physiological parameters of such 
subject; 

means responsive to measurements of physiological 
parameters of such subject for deriving values of car- 
diac efficiency and myocardial oxygen consumption; 

means for establishing a boundary of physiological criti- 
cality in a first reference frame of cardiac efficiency 
versus myocardial oxygen consumption; and 

means using said cardiac efficiency and myocardial oxy- 
gen consumption of such subject for establishing a 
subject data point in said first reference frame whereby 
a comparison is allowed between said subject data 
point and said boundary of physiological criticality. 

2. The cardiac diagnostic device according to claim 1 
wherein said boundary of physiological criticality includes 
at least one curve in said first reference frame, said curve 
containing at least one reference point representing an 
absence of dysfunction and myocardial impairment. 

3. The cardiac diagnostic device according to claim 2 
wherein said means responsive to said measurements further 
derives cardiac pressure efficiency and cardiac volume effi- 
ciency for such subject; 

and wherein said means for establishing a boundary of 
physiological criticality further establishes at least one 
cardiac efficiency curve in a cardiac efficiency refer- 
ence frame of cardiac volume efficiency versus cardiac 
pressure efficiency, said cardiac efficiency curve con- 
taining a basal reference point representing a basal 
value for cardiac volume efficiency and a basal value 
for cardiac pressure efficiency; 

and wherein said means for establishing a subject data 
point in said first reference frame further establishes a 
second subject data point in said cardiac efficiency 
reference frame using said derived cardiac pressure 
efficiency and cardiac volume efficiency whereby a 
comparison is allowed between said second subject 
data point and said cardiac efficiency curve for the left 
or right heart. 

4. The cardiac diagnostic device according to claim 3 
wherein said cardiac efficiency curve consists of a plurality 
of cardiac efficiency curves in said cardiac efficiency refer- 
ence frame. 

5. The cardiac diagnostic device according to claim 3 
wherein said cardiac efficiency is defined as the product of 
cardiac volume efficiency and cardiac pressure efficiency. 

6. The cardiac diagnostic device according to claim 3 
wherein said cardiac efficiency curve represents a cardiac 
basal efficiency value for all values of cardiac volume 
efficiency and cardiac pressure efficiency. 

7. The cardiac diagnostic device according to claim 3 
further including using said subject data point and said curve 
in said first reference frame and second subject data point 
and said cardiac efficiency curve in said cardiac efficiency 



15 



frame to design and monitor therapies for differential treat- 
ment of myocardial impairment or dysfunction. 

8. The cardiac diagnostic device according to claim 3 
further including using said subject data point and said curve 

5 in said first reference frame and second subject data point 
and said cardiac efficiency curve in said cardiac efficiency 
frame to design and monitor exercise programs for cardiac 
rehabilitation and conditioning of subjects. 

9. The cardiac diagnostic device according to claim 2 
to wherein said means for establishing a boundary includes a 

second curve establishing a zone of physiological criticality 
with said at least one curve at which death is imminent. 

10. the cardiac diagnostic device according to claim 2 
wherein said at least one curve further establishes a basal 
level of cardiac work expended, and wherein said means for 
establishing further provides a plurality of curves represent- 
ing elevated levels of cardiac work expended relative to said 
basal level. 

20 11. The cardiac diagnostic device according to claim 1 
wherein said measurements of physiological parameters 
include signals representative of ventricular sizx, ventricular 
blood pressure, time for completion of one cardiac cycle, 
and heart rate. 

25 

12. The cardiac diagnostic device according to claim 1 
wherein said means responsive to physiological measure- 
ments of physiological parameters further derives volume 
efficiency, pressure efficiency, cardiac work and available 

30 energy for conversion to cardiac work. . 

13. A method of diagnosing myocardial impairments, 
dysfunctions and physiological criticality of a subject, said 
diagnostic method including the steps of: 

monitoring such subject to obtain measurements repre- 
sentative of physiological parameters; 
determining cardiac efficiency and myocardial oxygen 
consumption for such subject using said representative 
measurements; 

40 establishing a boundary of physiological criticality in a 
first reference frame of cardiac efficiency versus myo- 
cardial oxygen consumption; 
establishing a subject data point in said first reference 
frame which represents said determined cardiac effi- 

45 ciency and myocardial oxygen consumption for such 
subject; and 

comparing said subject data point with said boundary to 
indicate physiological criticality. 

14. The method according to claim 13 including the 
50 further steps of: 

providing at least one curve in said first reference frame 
containing at least one reference point which represents 
an absence of dysfunction and myocardial impairment; 
and 

55 comparing said subject data point to said at least one 
curve to diagnose myocardial impairments and dys- 
functions of the left or right heart of such subject using 
said reference point of said curve. 

15. The method according to claim 14, wherein said 
60 diagnosis of impairment is made by comparing the position 

of said data point with said reference point with respect to 
said cardiac efficiency of said first reference frame, and 
wherein said diagnosis of dysfunction is made by comparing 
55 the position of said data point with said reference point with 
respect to said myocardial oxygen consumption of said first 
reference frame. 
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16. The method according to claim 14, including the 
further steps of: 

determining cardiac pressure efficiency and cardiac vol- 
ume efficiency for such subject using said representa- 
tive measurements; 

providing at least one cardiac efficiency curve in a cardiac 
efficiency reference frame of cardiac volume efficiency 
versus cardiac pressure efficiency, said cardiac effi- 
ciency curve containing an basal reference point rep- 
resenting a basal value for cardiac volume efficiency 
and a basal value for cardiac pressure efficiency; 

establishing a second subject data point in said cardiac 
efficiency reference frame using said determined car- 
diac pressure efficiency and cardiac volume efficiency; 

comparing said second subject data point with said car- 
diac efficiency curve to determine more specifically a 
cardiac condition and to aid in designing therapies 
affecting said impairments and dysfunctions. 

17. The method according to claim 16 wherein said 
comparison of said second subject data point with said 
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cardiac efficiency curve involves comparing the volume 
efficiency of said second subject data point with the basal 
volume efficiency and comparing the pressure efficiency of 
said second subject data point with the basal pressure 
5 efficiency. 

18. The method according to claim 16 further including 
the step of designing and monitoring therapies, exercise 
rehabilitation programs in response to said step of compar- 

10 ing - 

19. the cardiac diagnostic device according to claim 12, 
wherein said means for establishing further provides a 
plurality of progression curves each in one progress refer- 
ence frame, each of said progression reference frames hav- 

15 ing one of said derived values versus time, said progression 
curves containing points representing instant values of said 
derived values or their time derivatives for such subject at 
different times during a therapy treatment or an exercise 
program. 

20 
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2. image display control method. 
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ADVANTAGE - Enables displaying and electronic recording of input information, reliably without the need of 
menu, buttons. Hence the need of using paper for printing medical information are eliminated. 
DESCRIPTION OF DRAWINGS - The figure shows the block diagram of the electronic information recording 
system. (Drawing includes non-English language text). 
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is provided with: an input/output unit device capable of inputting/outputting data by the direct writing on a display 
screen with a pen; and a control/arithmetic device connected to the input/output unit device and reflecting the data 
inputted on the display screen to the screen. In this system, an electronic record in the form of strip-shaped sheet 
with an infinite length extending in the longitudinal direction is displayed, data is directly inputted from the display 
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1 . 1 . An electronic record system comprising: 

• an input/output unit device which has a display device with a tablet function and which executes input 
operation by directly writing input data on a record screen displayed on the display device with a pen; and 

• a control/arithmetic device, connected to the input/outout unit device, for processing the handwritten input 
data onto the display device, so as to formulate an electronic record on the basis of the handwritten input 
data, 
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which surrounds desired past information displayed on the reduced-size display area and by executing 
drawing from the inside of the handwritten and substantial circle to the outside. 



(12) United States Patent 

Yokota et al. 



US006886061B2 

(10) Patent No.: US 6,886,061 B2 
(45) Date of Patent: Apr. 26, 2005 



(54) ELECTRONIC RECORD SYSTEM AND 
CONTROL PROGRAM DEVICE WITH 
DISPLAY AND TABLET FUNCTION FOR 
MANIPULATING DISPLAY AREA 
FUNCTIONS WITH PEN STYLUS 

(75) Inventors: Hiroshi Yokota, Osaka (JP); Takeo 
Igarashi, 2-5-11, Matsugaoka, 
Chigasaki-shi, Kanagawa (JP); Kazuo 
Nakazawa, 3-50-D10-104, Aoyamadai, 
Suita-shi, Osaka (JP); Takashi 
Ashibara, Otsu (JP); Takenori Yao, 
Kusatsu (JP); Hiroyuki Sakachi, Osaka 
(JP) 

(73) Assignees: NEC Corporation, Tokyo (JP); Takeo 
Igarashi, Kanagawa (JP); Kazuo 
Nakazawa, Osaka (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C 154(b) by 55 days. 

(21) AppL No.: 10/300,890 

(22) Filed: Nov. 21, 2002 

(65) Prior Publication Data 

US 2004/0003142 Al Jan. 1, 2004 
(30) Foreign Application Priority Data 

Nov. 22, 2001 (JP) 2001-357736 

(51) Int. CI. 7 G06F 3/00; G06F 13/00 

(52) U.S. CI 710/73; 710/1; 710/14; 

710/72; 710/74; 705/1; 705/2; 705/3; 705/4; 

705/5; 600/523 

(58) Field of Search 710/1, 14, 72-74; 

702/1-5; 600/523 



(56) References Cited 

U.S. PATENT DOCUMENTS 



5,561,446 A • 10/1996 Montlick 345/173 

5,724,985 A • 3/1998 Snell et al 600/523 

5,867,821 A * 2/1999 Ballantyne et al 705/2 

6,314,405 Bl • 11/2001 Richardson 705/3 

6,393,404 Bl * 5/2002 Waters et al 705/2 

6,421,650 Bl ♦ 7/2002 Goctz et al 705/3 

6,711,547 Bl ♦ 3/2004 Glover 705/2 

2002/0032584 Al • 3/2002 Doctor et al 705/3 

2002/0091659 Al • 7/2002 Beaulieu et al 706/62 



FOREIGN PATENT DOCUMENTS 

JP 2000-325314 A 11/2000 

* cited by examiner 

Primary Examiner — Tam ma ra Peyton 

(74) Attorney, Agent, or Firm — Sughrue Mion, PLLC 

(57) ABSTRACT 

Disclosed is an electronic record system which dispenses 
with complicated operations using a menu and a. button and 
handwriting input operation like paper writing can be 
achieved. A system is established and is provided with: an 
input/output unit device capable of inputting/outputting data 
by the direct writing on a display screen with a pen; and a 
control/arithmetic device connected to the input/output unit 
device and reflecting the data inputted on the display screen 
to the screen. In this system, an electronic record in the form 
of strip-shaped sheet with an infinite length extending in the 
longitudinal direction is displayed, data is directly inputted 
from the display screen as a stroke data, the inputted 
characters are converted into the character data by the use of 
a character recognition engine and the converted data is used 
as data format available in a secondary use such as a data 
search, and various functions are driven by a predetermined 
pen operation. 

41 Claims, 12 Drawing Sheets 




1/22/2007, EAST Version: 2.1.0.14 



US 6,886,061 B2 



17 



18 



20 



time -series information, for example, measurement of body 
temperature, prescription, and inspection items is displayed 
thereon. The sub-screen is scrolled in a drawing direction 
(horizontal direction) by a drawing 701 with the control 
mode from the inside of a scroll box. 5 

Also, as shown in FIG. 16, it is possible to adjust the zoom 
level (display level) by a drawing 801 with the control mode 
performed after pointing the pen on the edge of the scroll 
box 71. Therefore, it is possible to overlook the long-term 
information by reducing the zoom level in the horizontal 10 
direction. 

In addition, the selection of prescription can be performed 
on this sub-screen, and it is also possible to specify the 
period of the prescription by painting the squares of the 
prescription portion. This operation makes it possible to 15 
modify the existing period of prescription and to copy the 
past prescription. Note that, when a new period is specified, 
the medicine list selection screen shown in FIG. 5 is 
displayed so as to select the medicine to be prescribed. 

In addition, the sub-screen can be also used to output the 
medical record screen of a patient having the same symp- 
toms. 

In the foregoing, the electronic medical record system 
according to the embodiments has been described. However, 2 $ 
the system is not limited to the embodiments. For example, 
the settings of the three conditions for determining the 
partition line (long straight line extending in the horizontal 
direction) can be appropriately modified. The settings of the 
three conditions are: the ratio of the total length of the drawn 30 
stroke and the straight distance of the stroke (1.2 times in 
this embodiment); the ratio of the circumscribed rectangle of 
the drawn stroke to the width of the drawing area (0.5 times 
in this embodiment); and maximum value of the length of 
the circumscribed rectangle of the drawn stroke (100 pixels 35 
in this embodiment). It is also possible to determine the 
straight lines in every direction by applying these algo- 
rithms. 

Similarly, the settings of the conditions for determining 
the area selection can be appropriately modified. The set- 40 
tings of the area selection is: the ratio of the total length to 
the straight distance of the stroke (twice in this 
embodiment). 

In addition, the embodiment exemplifies the electronic 
medical record system. However, the present invention can 45 
be realized as a control program for performing the same 
operations as described above by combining a general- 
purpose computer and a display device having a tablet 
function. 

The present invention realized by the above-described 50 
configurations can achieve the following advantages. 

First, since the medical record is displayed as a scroll with 
an infinite length extending in a longitudinal direction, the 
input of the medical information is easily performed without 55 
taking care of the working area. 

Second, since most of the operations for the input are 
similar to those of writing on the paper by using a pen, the 
transition from the conventional medical care using the 
paper writing to the system of the present invention can be 60 
easily performed. 

Third, since the size-reduced display area and the actual- 
size display area can be displayed at the same time and can 
be scrolled independently, the input can be performed while 
referee ing to the data in the past. 6 5 

Fourth, since the date display area, the reduced-size 
display area, and the actual-size display area can be dis- 



played together on a screen and the system has a function to 
display the past data in succession, it is possible to easily and 
rapidly search the required data from a great number of 
medical records. 

Fifth, since the past data can be pasted on the current data 
sheet by only the operations of selecting the past data and 
drawing a line, it is possible to easily divert the past data. 

Sixth, since the arrangement effective to select the medi- 
cines to be prescribed is used, it is possible to easily and 
rapidly select the required medicine from a great number of 
medicines. 

Seventh, since the functions registered in the pie menu 
can be selected by the simple operation with a pen, it is 
possible to rapidly select a useful function. 

Eighth, since the system can perform the character rec- 
ognition of the handwritten characters to treat the characters 
as the character data, the high-speed search with key input 
can be realized. 

Ninth, since many schema images are prepared and the 
schema image can be used as a three-dimensional schema by 
the use of the three-dimensional figure forming function, it 
is possible to easily paste and draw the affected portion of a 
patient in the findings. 

Tenth, since a translucent color is used to show the 
selected area, it is possible to easily determine the selected 
area. 

While the present invention has thus far been described in 
a few embodiments thereof, it will be readily possible for 
those skilled in the art to put the present invention into 
practice in various other manners. For example, the present 
invention is applicable to a general electronic record system 
that has an image screen instead of the medical record 
screen. In such a general electronic record system, a general 
electronic record is made up by entering general information 
and a general image, instead of medical information and a 
schema, respectively. Moreover, a general request and gen- 
eral items or products are used in lieu of the-prescription 
request and the medicines, respectively. At any rate, the 
present invention can provide a user-friendly electronic 
record system and a control program thereof, in which the 
free-writing input is realized to reduce the stress due to the 
complicated input operation. 

What is claimed is: 

1. An electronic record system comprising: 

an input/output unit device which has a display device 
with a tablet function and which executes input opera- 
tion by directly writing input data on a record screen 
displayed on the display device with a pen; and 

a control/arithmetic device, connected to the input/outout 
unit device, for processing the handwritten input data 
onto the display device, so as to formulate an electronic 
record on the basis of the handwritten input data, 

wherein the record screen of the display device is divided 
into a reduced-size display area for past information 
recorded on a past date and an actual size display area 
for current information recorded by handwriting, 

wherein the control/arithmetic device is configured so that 
the past information on the reduced-size display area is 
duplicated onto the actual-size display area by drawing, 
by the use of the pen, a circular- like shape which 
surrounds desired past information displayed on the 
reduced-size display area and by executing drawing 
from the inside of the handwritten and substantial circle 
to the outside. 

2. The electronic record system according to claim 1, 
wherein the electronic record is computerized like a stripe- 
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shaped sheet with an infinite length extending in a vertical 11. The electronic record system according to claim 9, 

direction of the record screen, and the control/arithmetic wherein the control/arithmetic device is configured so that 

device is configured so that the electronic record displayed image processing operations are selected in accordance with 

on the display device can be scrolled. a direction of the drawing performed across the selected area 

3. The electronic record system according to claim 1, 5 or the drawing performed in an optional direction from the 
wherein the record screen comprises a reduced -size display drawn line. 

area on which past information on a past date specified by 12. The electronic record system according to claim 9, 

date information is longitudinally displayed in a reduced wherein the data input support process is for processing 

size, and an actual-size display area on which detailed undo, redo and schema, 

information is handwritten and current information is Ion- 10 the control/arithmetic device being configured so that 

gitudinaUy displayed in an actual size. when lhe schema is selected, a schema image list is 

4. The electronic record system according to claim 3, displayed and a desired schema image is duplicated on 
wherein the record screen further includes a date display t ele ? ro t mc record ^ th * ^ of lh f. pe °* T . „ 

area for displaying a succession of dates longitudinally , 13 J** elect f oni , c recor 1 d f stem acco t " 3lD | 10 t claim 12 ' 

* m. 1 • ■ j t j- . 1 • a wherein the application includes a computing function using 

5. The electronic record system according to claim 4, 15 handwriting £ aracter recognition and a thfee-dimensional 
wherein the control/arithmetic device is configured so that fi formm fof converti the two-dimensional 
the date display area, the size-reduced ^display area and the handwritt en input or the schema image into a three- 
actual-size display area are independently longitudinally dimensional image. 

scrolled. 14. The electronic record system according to claim 9, 

6. The electronic record system according to claim 1, 20 wherein the control/arithmetic device is configured so that 
wherein the input data comprises written information and ihe pie menu processes are selected in accordance with a 
data processing information, and the input/output unit direction of the drawing optionally performed so as not to 
device is configured so as to select a writing operation and cross the selected area. 

data processing operation in accordance with an input mode 15, The electronic record system according to claim 9, 

of the pen. 25 wherein the control/arithmetic device is configured so that 

7. The electronic record system according to claim 1, when the determination means determines that the inputted 
wherein the written information comprises a written record data is the area selection information, an area surrounded 
and partition line information that is entered by linear with a substantial circle is colored with a translucent color 
drawing in the horizontal direction of the record screen, so t0 indicate that the area is selected. 

as to end the writing operation, the control/arithmetic device 30 16 ^ electronic record system according to claim 1, 

comprising determination means for determining whether wherein the application is adapted to be operated by the use 

the written information is cither the written record or the of a translucent window formed on the electronic record, and 

partition line information, and wherein, when it is deter- tne application is adapted to be finished by a pen input on the 

mined that the written information is the partition line. outside of the window. 

information, a drawn line is not treated as stroke data and a 35 11 • nc electronic record system according to claim 1, 

partition line is displayed on the record screen to store the wherein the control/arithmetic device is configured so that a 

written information. request section is displayed on the record screen, while a list 

8. The electronic record system according to claim 7, constituted of index sections and name sections assigned in 
wherein the determination means determines whether the each index section are displayed by the pen operation on the 
written information is the written record or the partition line 40 request section, and a desired name is displayed in the 
information, with reference to a relationship between an request section by operating the pen on the desired name, 
entire length of the drawing and a straight distance from a 18 The electronic record system according to claim 17, 
starting point to an end point of the drawing, a relationship wherein the control/arithmetic device is configured so that 
between a width of a fine segment formed by the drawing an orde r of items displayed in the name section is sorted in 
and a width of the record screen, and a straight distance in 45 accordance with a frequency of selection of the items, and 
the vertical direction of the line segment formed by the the list is dynamically modified by increasing/decreasing the 
drawing. number of the names displayed in the name section. 

9. The electronic record system according to claim 1, 19 The electronic record system according to claim 17, 
wherein the data processing information comprises area wherein when the pen operation on the index section in the 
selection information inputted by drawing so as to surround 50 ust is performed, all names linked with the index are 
a desired area with a circle and pie menu process informa- displayed, and a desired name is displayed on the request 
tion inputted by linear drawing for executing processes section and registered in the name section by the pen 
registered in advance, operation on the desired name. 

the control/arithmetic device comprising determination 20 A computer-readable memory including a program 

means for determining whether the inputted data is the 55 comprising instructions, which when executed cause an 

area selection information or the pie menu process electronic record system comprising an input/output unit 

information; and wherein, when the determination device which has a display device with a tablet function and 

means determines the inputted data as the area selection whlch executes input operation by directly writing input data 

information, image processing to the selected desired on lne dls P la X device Wlth a P™; 

area is performed, and when the determination means 60 and a control/arithmetic device, connected to the input/ 

determines the inputted data as the pie menu process output unit device, for reflecting on the display device 

information, a data input support process or an appli- lne input data entered on the display device to: 

cation starting process is performed. display on the display device a record screen in which the 

10. The electronic record system according to claim 9, input data is intuitively written by direct handwriting; 
wherein the image processing operation includes 65 and 

enlargement, reduction, rotation, movement, duplication, establish an electronic record on the basis of the hand- 

deletion, and character data conversion. written input information on the record screen dis- 
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played by the display step, wherein the electronic the instructions further comprising causing the electronic 

record is computerized so as to be a stripe-shaped sheet record system to select a writing operation and a data 

with an infinite length extending in a vertical direction processing operation in accordance with an input mode 

of the display screen, and the control/arithmetic device of the pen. 

is configured so that the electronic record displayed on 5 2o - The computer-readable memory according to claim 

the display device is scrolled. ^5, wherein the written information comprises a written 

21. The computer-readable memory according to claim r ? cord and partition line information that is inputted by 

20, wherein the record screen comprises a reduced-size linear drawin S ' D horizontal direction of the display 
display area on which past information in a past date screen « 80 as t0 finish tne wntln S operation; 

specified by date information is longitudinally displayed in to lt * instructions further causing the electronic record sys- 

a reduced size, and an actual-size display area on which , tein | 0 ' 

detailed information is handwritten and current information determine whether the written information is the written 

is longitudinally displayed in an actual size. record or the partition line information; and 

22. The computer-readable memory according to claim trea ' a * awn hne as no stroke data when it is determined 

21, wherein the record screen further comprises a date is ! nat the ,. wri ' ,e ° ^formation , is the partition line 
display area in which a succession of dates are longirudi- information, to display a partihon line on the record 

ll j- i j display screen to store the written information. 

*£ « mm * • i • 27. The computer-readable memory according to claim 

23. The computer-readable memory according to claim 26 wherejn determination step determines whether the 

22, which is constituted so that the date display area, the V. . r ... r . 4 , , . 

, « « . * ... t . . / ; wntten information is either the written record or the par- 

size-reduced display area and the actual-size display area are 20 in f onna , ion> on ^ basis of a relationship between 

mdependently longitudinally scrolled. an ^ d and ^ {" distance 

24. A computer-readable memory including a program . ® . . . , ° , . . ° . 

,. . / - i between a starling point and an end point of the drawing, a 

comprising instructions, which when executed cause an . .. ... * ,• te 

. ; . & . ' . . relationship between a width of a line segment formed by the 

electronic record system comprising an input/output unit , r , . ... - ., t ° , ' , 

, . . ' . . t * . , drawing and a width of the medical record screen, and a 

device which has a display device with a tablet function and 25 . . . r., , . . , ' . 

... . . « ■ . .... 4j . straight distance in the vertical direction of the line segment 

which executes input operation by directly writing input data , ^ . . °^ 

,i j • | A r . r ... ' , J . f, ... formed by the drawing, 

on the display device with a pen, and a control/arithmetic - e ' ° - . . . , . 

« « j * *u • .> * . «. • f « . 28. The computer-readable memory according to claim 

device, connected to the input/output unit device, for reflect- . . V A . . „ . f : b • 

' . , . 4 , . t , , , ' 27, wherein the data processing information comprises area 

ing on the display device the input data entered on the , . . r . „ ,? , , , 

,. & . j • f selection information inputted by drawing so as to surround 

disnlav device to* 30 

^ 7 a desired area with a circle, pie menu process information 

display on the display device a record screen in which the . Ued b lmcar for execulirig proce sses regis- 

input data is intuitively written by direct handwriting; tcred m ac j V ance- 

anc * the instructions further causing the electronic record sys- 

establish an electronic record on the basis of the hand- lem tQ . 

written input information on the record screen dis- 35 ju(jge whether (he inpuUed daU fc the area selectioQ 

played by the display step, information or the pie menu process information; 

wherein the electronic record is computerized so as to be cafry om image processing t0 the sei ected area when the 

a stripe-shaved sheet with an infinite length extending judging stcp judges the arca selection information; and 

in a vertical direction of the display screen, and the . „ Antn ■ „ t w Mt ,„ M nn n \-„ ni :„„ 

. , .... - • ... 40 carry out a data input support process or an application 

control/anthmetic device is configured so that the elec- s , arti ^ wben ^ ■ ^ ^ jud ^ fc 

ironic record displayed on the display device is menu process information 

scro e ' 29. The computer-readable memory according to claim 

wherein the record screen comprises a reduced-size dis- 2 8, wherein the image processing includes enlargement, 

play area on which past information in a past date 45 reduclion> rotation, movement, duplication, deletion, and 

specified by date information is longitudinally dis- character data conversion. 

played in a reduced size, and an actual-size display area 30 computer-readable memory according to claim 
on which detailed information is handwritten and cur- 2 9, which is constituted so that the image processing opera- 
rent information is longitudinally displayed in an actual tions are ejected in acC o rdanC e with a direction of the 
slze » 50 drawing performed across the selected area or the drawing 

wherein the record screen further comprises a date display performed in an optional direction from the drawn line, 

area in which a succession of dates are longitudinally 31. The computer-readable memory according to claim 

displayed, 30, wherein the data input support process is for processing 

which is constituted so that the date display area, the undo, redo and schema; 

size-reduced display area and the actual-size display 55 the control program being configured so that when the 

area are independently longitudinally scrolled, and schema is selected, a schema image list is displayed and 

wherein the date display area and the reduce-size display a desired schema image can be duplicated on the 
area are scrolled together by vertical drawing on these electronic record by the pen operation, 
areas, and desired past information is duplicated on the 32. The computer-readable memory according to claim 
actual-size display area by performing the drawing so 60 31, wherein the application includes a computing function 
as to surround a desired region of the past information using handwriting character recognition and a three- 
displayed on the reduced-size display area with a dimensional figure forming function for converting the 
substantial circle and the drawing from the inside of the two-dimensional handwritten input or the schema image into 
circle to the outside. a three-dimensional image, and the respective functions 

25. The computer-readable memory according to claim 65 work in cooperation with each other. 

24, wherein the inputted data comprises written information 33. The computer-readable memory according to claim 

and data processing information; 32, which is constituted so that the pie menu processes are 
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selected in accordance with a direction of the drawing 
optionally performed so as not to cross the selected area. 

34. The computer- readable memory according* to claim 

33, which is constituted so that an area surrounded with a 
substantial circle is colored with a translucent color to 
indicate that the area is selected, when the judging step 
judges that the inputted data is the area selection informa- 
tion. 

35. The computer- readable memory according to claim 

34, wherein the application is adapted to be operated by the 
use of a translucent window formed on the electronic record, 
and the application is adapted to be finished by a pen input 
on the outside of the window. 

36. The computer- readable memory according to claim 

35, which is constituted so that a request section is displayed 
on the record screen while a list comprising index sections 
and name sections assigned in each index section are dis- 
played by the pen operation on the request section, and a 
desired name is displayed in the request section by the pen 
operation on the desired name. 

37. The computer- readable memory according to claim 

36, wherein an order of items displayed in the name section 



10 



15 



24 

is sorted in accordance with a frequency of selection of the 
items, and the list is dynamically modified by increasing/ 
decreasing the number of names displayed in the name 
section. 

38. The computer-readable memory according to claim 
37, wherein when the pen operation on the index section in 
the list is performed, all names linked with the index are 
displayed, and a desired name is displayed on the request 
section and registered in the name section by the pen 
operation on the desired name. 

39. The electronic record system claimed in claim 1, 
wherein the electronic record is an electronic medical 
record. 

40. The control program claimed in claim 20, wherein the 
electronic record is an electronic medical record. 

41. The electronic record system according to claim 4, 
wherein the control/arithmetic device is configured so that 
the date display area and the reduced-size display area are 
scrolled together by vertical drawing on these areas. 
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• 1 . Verfahren zur Klassifikation einer messbaren Zeitreihe, die eine vorgebbare Anzahl von Abtastwerten 
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ABSTRACT 



A method for determining conditioned entropies for a pre- 
scribable plurality of future sampling times for a set of 
samples based upon an information flow. A classification of 
a time series is implemented on the basis of the information 
flow. The information flow reflects nonlinear correlations 
between the samples. A classification is thus possible 
between those time series whose samples are non-line arly 
correlated and those time series whose samples are stochas- 
tically independant. 

8 Claims, 5 Drawing Sheets 
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METHOD CONDUCTED IN A COMPUTER 
FOR CLASSIFICATION OF A TIME SERIES 
HAVING A PRESCRIBABLE NUMBER OF 
SAMPLES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is directed to computerized method, 
i.e., a method conducted in a computer, for classification of 
a time series having a prescribable number of samples, such 
as an electrical signal. 

2. Description of the Prior Art 

In many technical fields wherein it is of interest to draw 
conclusions about the future behavior of the time series from 
measured time series. The prediction of the future "behav- 
ior" of the time series ensues given the assumption that the 
time series comprises non-linear correlations between the 
samples of the time series. 

This problem also obtains to considerable significance in 
various medical fields, for example in cardiology. Specifi- 
cally in the problem area of sudden cardiac death, it can be 
vital to recognize early warning signs of sudden cardiac 
death in order to initiate counter-measures against the occur- 
rence of sudden cardiac death as early as possible. 

It is known that a time series of an electrocardiogram that 
is not correlated describes a heart that is not at risk with 
respect to sudden cardiac death. A heart at risk with respect 
to sudden cardiac death is described by a time series of the 
electrocardiogram that comprises non-linear correlations 
between the samples of the time series (G. Morfill, 
"Komplexitatsanalyse in der Kardiologie, Physikalische Bl 
alter," Vol. 50, No. 2, pp. 156-160, (1994)). It is also known 
from this Morfill article to determine time series of an 
electrocardiogram that describe hearts that are at risk with 
respect to sudden cardiac death from the graphic phase space 
presentation (Fourier transformation) of two successive 
heartbeats. 

The method disclosed in this Morfill article exhibits all of 
the disadvantages that are typical of empirical methods. In 
particular, the error susceptibility of graphic interpretations 
by a human, the problem of setting a threshold from which 
a time series is classified as at risk, as well as imprecisions 
in the presentation of the Fourier transform on the picture 
screen are considered disadvantageous in the known 
method. 

Further, methods for determining stochastic, conditioned 
entropies are known from W. Ebeling et al., "Entropy, 
Transinformation and Word Distribution of Information- 
Carrying Sequences," International Journal of Bifurcation 
and Chaos, Vol. 5, No. 1, pp. 51-61, (1995) and D. Wolpert 
et al., "Estimation Functions of Probability Distributions 
from a Finite Set of Samples," Physical Review E, Vol. 52, 
No. 6, pp. 6841-6854, (December 1995). 

LICOX, GMS, Gesellschaft fur Medizinische Sondent- 
echnik mbH, Advanced Tissue Monitoring discloses a 
method with which the time curve of the local oxygen 
voltage of the brain (lip02) can be determined. 

German OS 39 12 028 discloses a method and an arrange- 
ment for comparing wave shapes of time-variable signals. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
in order to quickly and dependably classify a time series that 
contains a prescribable number of samples with the assis- 
tance of a computer. 
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The above object is achieved in a method conducted in a 
computer for classification of a time series that contains a 
prescribable number of samples, such as an electrical signal, 
by determining, in the computer, conditioned entropies for 
5 the prescribable number of samples contained in the time 
series, with at least one information flow for a prescribable 
number of future sampling times being determined in the 
computer from the conditioned entropies, and wherein a 
classification of the time series is implemented in the 
10 computer on the basis of the information flow. 

In the inventive method, conditioned entropies are deter- 
mined for a prescribable plurality of samples. An informa- 
tion flow for a prescribable plurality of future sampling 
points with reference whereto the time series is classified is 
15 determined from the conditioned entropies. 

It is possible to speed up the classification with the 
method according to patent claim 5 since only a binary 
classification has to be implemented on the basis of the 
shape of the graph of the information flow. The classification 
20 of the time series into a first time series type and into a 
second time series type can be very simply implemented 
since the first time series type is classified when the graph of 
the information flow exhibits an approximately curved 
shape. 

25 

It is also advantageous to utilize the method for a time 
series that is made available by a measured electrocardio- 
gram signal (ECG). A classification of the time series into an 
electrocardiogram signal (ECG) that describes a heart at risk 

30 with respect to sudden cardiac death as well as into an 
electrocardiogram signal (ECG) of a heart not at risk is 
possible with the determination of stochastic correlations 
between the samples of the time series. As a result, it is 
possible to recognize a risk early and to initiate a treatment 

35 against sudden cardiac death. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart describing the basic steps of the 
inventive method. 
40 FIG. 2 is a flowchart showing a variation of the basic steps 
in FIG. 1. 

FIG. 3 is a block diagram illustrating classification of 
various possible time series in accordance with the inven- 
tion. 

45 

FIG. 4 is a block diagram showing the basic components 
of a computer for implementing the inventive method. 

FIG. 5 is a graph showing information flow for future 
values for a chaotic time series, determined in accordance 
50 with the invention, as well as a time series having non-linear 
correlations between its samples, as well as a time series 
having samples which are stochastically independent of one 
another. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows that the time series that comprises a 
prescribable plurality of samples is measured 101 in a first 
step of the inventive method. The measurement ensues with 

60 a measuring instrument MG that measures both analog as 
well as digital signals and supplies them to a computer R 
(see FIG. 4). The computer R determines 102 conditioned 
entropies H(n|n-1 ... 1) for the individual samples of the 
time series. Various procedures are known The aforemen- 

65 tioned Ebeling et al. and Wolpert et al. articles for the 
determination of the conditioned entropies H(n|n— 1 ... 1). 
For example, the following definition is employed in the 
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framework of this document for the conditioned entropies pre-condition that the chronologically directly preceding 

H(n|n-1 ... 1), which, however, does not limit the possi- sampling time is known, a conditioned entropy is referenced 

bility of employing other definitions in the framework of the Hp ((n+l)|n ... 1). 

inventive method: An information flow for the prescribable number of future 

5 sampling times p for a specific partition |3 is formed accord - 

0) ing to the following rule: 



H(n | n - 1 . . . 1) £ £ p(j t i) ■ }oeHp{j 1 0) 



io] >] 



/J = lira/*(« + p,/i + « + l|n... (6) 



thereby derives from 



whereby 10 
H(n|n-1 ... 1) respectively references the conditioned 
entropies, 

n references a length of a sequence of samples of the time l p (n+p,n+i| . . . i) 

series taken into consideration 

k n (k n =m n ) references a number of different sequences of 15 

considered samples having the length n, 

m references a number of values that the samples can i p (n+p,n+ij . . . i)«H p (n+p|n . . . ])+H p (n+p(n+i . . . i). 

assume, 

p(j,i) references the union probabilities, and The partition P is defined as an infinitesimal partitioning, 

p(j|i) references conditioned probabilities. 20 so that e«diameter (P)-*0 is valid, whereby a respectively 

It is provided in the inventive method to determine the lar S esl cel1 len g ln * referenced with diameter (P). 

conditioned entropies H(n|n-1 ... 1) for the prescribable The information flow I p in the inventive method for a 

number of samples that the time series comprises. However, prescribable number of future sampling times p is thus 

it is likewise provided to not determine some conditioned formed dependent on a prescribable number of past samples 

entropies H(n|n-1 ... 1) and to thus not take the correspond- 25 n that the time series comprises. 

ing samples into consideration. This corresponds to a reduc- At least one information flow ]f is determined from the 

tion of the number of samples. The number of samples of the conditioned entropies in a third step 103. 

time is series taken into consideration directly reflects the A g ra P n of the function of the information flow 

precision of the inventive method with respect to the clas- exhibits different characteristic shapes for different time 

sification of the time series. 30 series (see FIG. 5). 

Their number of values m that the samples can assume is In an ideal approximation, the information flow if of a 

prescribable. The values can but need not be distributed over partition R exhibits a constant, horizontal course over the 

constant intervals. samples p for a chaotic time series CHA. 

Different possible values of samples can likewise be A monotonously falling, parabola-like curved function 

prescribed for different classifications. A set of prescribable 35 ZT1 derives qualitatively for the information flow I p of a 

values of the number m is referred to below as a partition p. time series whose samples exhibit non-linear correlations. 

The partition p thus references a set of disjunctive intervals This corresponds to a first time series type ZT1. When, 

B { ., i.e. however, the samples exhibit no correlations whatsoever 

with one another, then a steep, approximately linearly falling 

(2) 40 g ra P n °f tn e information flow if for future samples is 
p = tffjlw. (J % - * A*,- f)Bj =4 for i * . qualitatively established. This is clear on the basis of the 

M consideration that, given non-existent correlation, future 

samples cannot be predicted in any way whatsoever and, 

i and j thereby reference a first running index and a second thus > no information whatsoever about future samples are 

running index. 45 P res ent. This is simply not the case for a time series whose 

samples exhibit non-linear correlations. 

(3) In a last step 104, a classification is implemented on the 
H fi {n) = - V p ip (n)\o^p i,p {n)) Das is of the information flow if. This classification can be 

.=i of a different nature dependent on the area of employment. 

50 A very simple classification that, however, proves to be an 

advantageous and adequate development of the melhod for 

thus derives as a block entronv. c »• - - • j • « 

« b/ v il . * wiuuyjr. SQme typ es 0 f times sencs IS comprised in a "binary" 

p' p (n) thereby references the probability of the occur- classification 

rence of a sample that exhibits the sample i for the partition Qn me basis of the fa Qf me MoTmailoa flow , e for 

P given a sequence of the length n. 55 future hs 201 a check fe performed in a check ste £ 2 02 

An entropy for a prescribable number of future sampling tQ see whethef ^ fa ^ ^ curved Qf fa 

times p is established by steep , y dfops Umdy (see nG 2) 

When the shape of the graph exhibits a parabola-like, 

v v 1 v 1 iifl, v , jj, w (4) slightly curved, descending shape, then the time series is 

"'<"■ "> = -LL pyW'*^ p» go d^siffed as the first time series type ZT1. Given a time 

series that is established by a measured cardiogram signal 
(ECG), this corresponds to a classification of the electro- 

p ,,,,p (n,p) thereby references the union probability of the cardiogram signal (ECG) into an electrocardiogram signal 

occurrence of a sample i for the sequence having the length (ECG) of a heart at risk with respect to sudden cardiac death, 

n and the occurrence of the sample j at a point in time that 65 When, however, the graph exhibits a steeply dropping, 

is ahead of the prescribable number of future sampling times linear shape, then the time series is classified 203 into the 

in the framework of the partition p. With the respective second time series type ZT2. For the example of the elec- 
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Alerting Abstract US A 

NOVELTY - The pacemaker, or other implantable device, has a memory circuit with two circular buffers (100, 
112) into which registered medical data are continuously loaded. When the pacemaker controller decides that a 
preset trigger criterion (126), e.g. an indication of an arrhythmia, has been met, the data associated with the trigger 
event are transferred to a long-term buffer. 

DESCRIPTION - An INDEPENDENT CLAIM is also included for the following: The method of obtaining medical 
data from an implantable device. 

USE - For obtaining medical data from patient with implantable cardiac device between follow-up visits to 
physician. 

ADVANTAGE - Ensures that relevant medical data, and relevant data only, are stored on a long-term basis. 
DESCRIPTION OF DRAWINGS - The drawing shows the two circular buffers for event data and waveform data 
as well as a list of possible trigger criteria. 
100 Event buffer 
1 1 2 Waveform buffer 
126 List of possible criteria 

Technology Focus 

COMPUTING AND CONTROL - A microprocessor is used to control the device. 
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United States 

Publication No. US 5908392 A (Update 1 99929 B) 
Publication Date: 19990601 

System and method for recording and storing medical data in response to a programmable trigger. 

Assignee: Pacesetter, Inc., Sylmar, CA, US (PACE-N) 
Inventor: Sloman, Laurence S., West Hollywood, CA, US 

Wilson, Raymond J., Parker, CO, US 
Language: EN (0 pages, 1 1 drawings) 
Application: US 1996596895 A 19960313 (Local application) 
Original IPC: A61B-5/0452(A) 
Current IPC: A6 1 B-5/0452(A) 
Original US Class (main): 600509 
Original US Class (secondary): 600523 

Original Abstract: The system of the present invention records and stores, in long-term memory and in form of data 
snapshots, medical data acquired prior to and subsequent to an occurrence of cardiac episodes and implantable 
device functions defined as important by the medical practitioner. The system provides the medical practitioner with 
the ability to specify trigger criteria representative of important cardiac episodes and implantable device functions. 
The system of the present invention allows the medical practitioner to control the amount of medical data stored in 
the data snapshots. The system allows the medical practitioner to specify a mode of storing data snapshots when the 
maximum storage capacity of long-term memory has been reached. In a first mode, the system stores data snapshots 
in a circular buffer manner, overwriting the older data snapshots. In a second mode, the system stops storing new 
data snapshots after the maximum storage capacity of long-term memory has been reached. 
Claim: 

1 . A diagnostic system for use with an implantable medical device, the system comprising: 

• sensing means for acquiring medical data from a heart; 

• first storage means for temporarily storing the medical data acquired by the sensing means; 

• a first selection means for selecting at least one trigger criteria from a plurality of trigger criteria; 

• second storage means for storing the at least one programmable trigger criterion; 



first control means for applying the at least one trigger criterion to the medical data stored in the first storage 
means and for determining whether the at least one trigger criteria has been met; and 
third storage means responsive to the first control means, for storing medical data acquired before and after 
the first control means determines that at least one trigger criterion has been met. 
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[57] ABSTRACT 

The system of the present invention records and stores, in 
long-term memory and in form of data snapshots, medical 
data acquired prior to and subsequent to an occurrence of 
cardiac episodes and implantable device functions defined as 
important by the medical practitioner. The system provides 
the medical practitioner with the ability to specify trigger 
criteria representative of important cardiac episodes and 
implantable device functions. The system of the present 
invention allows the medical practitioner to control the 
amount of medical data stored in the data snapshots. The 
system allows the medical practitioner to specify a mode of 
storing data snapshots when the maximum storage capacity 
of long-term memory has been reached. In a first mode, the 
system stores data snapshots in a circular buffer manner, 
overwriting the older data snapshots. In a second mode, the 
system stops storing new data snapshots after the maximum 
storage capacity of long-term memory has been reached. 

42 Claims, 11 Drawing Sheets 
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pulses to the heart 12, while another module may control the memory management scheme which stores a certain amount 

acquisition of atrial and ventricular electrical signals. In of data and discards a proportional amount of old data when 

effect, each program module is a control program dedicated a certain amount of new data is received. The temporary 

to a specific function or a set of functions of the pacemaker event buffer 100 is initialized by placing a pointer at an 

10. * 5 EVENT_BUFFER_START 102 position. A pointer is a 

Before describing the operation of the control program in T^f Wn P r0g ? m , ^ nclio « w ^h indicates a position in 

greater detail it is helpful ^define the memory stricture and he . b , u h ffer in /° the c ° Dtro1 

to . . \ jc* ji load the next data item, such as an EVENT or an EVENT 

representative variables used for temporary and long-term ^ ^ ^ 6m ^ fa Ioaded ^ ^ ^ moy ^ - 

storage of inter-visit medical data by the pacemaker 10 in the nexl uion in lhe buffer ^ a cir £ ulaf buffer reaches 

accordance with the present invention. io ^ maximum capacity> the poimer ^ resel l0 ils miUa , 

An EVENT is representative of a single cardiac event position, thus allowing the old data in the buffer to be 

occurring within a cardiac cycle. Cardiac events include, but overwritten. 

are not limited to P-waves, R-waves, A-pulses, V-pulses, and M EVENTs are identified, they are placed in sequential 

premature ventricular contractions (PVCs). The EVENT locations in the temporary event buffer 100 with measured 

indicates that a particular cardiac event occurred, but it does 5 EVENT__TIMEs between them. For example, EVENT 104 

not provide the morphology of the event. Under normal is the first EVENT identified after the temporary event buffer 

circumstances, several EVENTs occur during a cardiac 100 is initialized. EVENT_TIME 106 is the time measured 

cycle in a particular sequence. The time relationship between EVENT 104 and the next EVENT (not shown), 

between sequential EVENTs is represented by an EVENT__ When t he maximum EVENT capacity for the temporary 

TIME which indicates the time between an EVENT and the even t buffer 100 is reached, the pointer is reset to the 

previous EVENT in milliseconds. A sequence of EVENTs EVENT_BUFFER__START 102 (this operation is 

and EVENT_TIMEs provides a relatively accurate picture described in greater detail below in connection with FIGS, 

of cardiac activity over one or more cardiac cycles. A cardiac 5-11). 

episode, such as an occurrence of tachycardia may be The maximum capacity of the temporary event buffer 100 

represented by a particular sequence of EVENTs and is defined by a programmable variable EVENT_LIMIT_2 

EVENT_TIMES. Furthermore, cardiac parameters such as which i ndicate s the maximum amount of EVENTs that may 

the natural tissue refractory period may be derived from a 5c slored in the tcraporary evcnt buffer 100 ovcr . 

collection of EVENTs and EVENT_TIMEs acquired during writing the first EVENT in the buffer, 

a single cardiac cycle. ^ second portion of the memory circuit 52, is a tem- 

The control system 34 continuously monitors cardiac porary wave form buffer 112 which is preferably used to 

activity through the atrial sense channel amplifier 30 and the slore SAMPLES. The temporary waveform buffer 112 is a 

ventricular sense channel amplifier 32. The control system circular buffer which sequentially stores a collection of 

34 identifies EVENTs occurring dunng each cardiac cycle SAMPLES representative of a particular cardiac waveform 

and also measures the EVENT_TIME between EVENTs. 35 samp ied by the control system 34 (FIG. 1). The temporary 

The EVENTs and EVENT__TIMEs are then stored in the wave form buffer 112 is initialized by placing a pointer at a 

memory circuit 52. WAVEFORM_BUFFER_START 114 position. As a car- 

A SAMPLE is representative of a single digitized sample diac waveform is sampled, SAMPLES are placed sequen- 

of cardiac waveform data sampled by the control system 34 tially into the temporary waveform buffer 112. For example, 

through the atrial IEGM amplifier 26 or the ventricular 40 a SAMPLE 116 is the first SAMPLE acquired after initial- 

IEGM amplifier 28. Examples of cardiac waveform data ization. When the maximum SAMPLE capacity for the 

include, but are not limited to, atrial and ventricular intra- temporary waveform buffer 112 is reached, the pointer is 

cardiac electrograms (IEGM) and raw sensor data represen- reset to the WAVEFORM_BUFFER_START 114. The 

tative of a patient's physical activity. A sequence of maximum capacity of the temporary waveform buffer 112 is 

SAMPLES provides a digital approximation of an analog 45 defined by a programmable variable SAMPLE_LIMIT_1 

waveform. A SAMPLING_RATE defines how many which indicates the maximum amount of SAMPLEs that 

SAMPLES of a particular waveform are acquired within a may be stored in the temporary waveform buffer 112 without 

certain time. As a result, a high SAMPLING_RATE pro- overwriting the first SAMPLE in the buffer, 

vides a better approximation of the waveform, since more Both the temporary event buffer 100 and the temporary 

SAMPLES are available to reconstruct it. 50 waveform buffer 112 are similar to previous approaches in 

The control system 34 continuously samples cardiac that they store inter-visit medical data without reference to 

waveform data from a particular type of cardiac activity the data's importance to the medical practitioner. In 

selected by the medical practitioner. The source of the addition, the circular buffer data storage scheme used by 

selected cardiac activity is indicated by a WAVEFORM_ both buffers continuously overwrites old data, As a result, 

SOURCE. The SAMPLES representative of the sampled 55 important inter-visit data representative of a cardiac episode 

cardiac waveform are then stored in the memory circuit 52. of interest to the medical practitioner may be quickly lost as 

A data compression scheme could be used to reduce the the old data is overwritten. The present invention provides a 

memory storage requirements and increase the recording solution to this problem by storing, in long-term memory, 

time, as is known in the art. collections of EVENTs and waveform SAMPLEs that 

In FIG. 2, two portions of the memory circuit 52 (FIG. 1) 60 describe the patient's cardiac activity prior to and after 

that are used for storing inter-visit medical data are shown. particular cardiac episodes and occurrences of pacemaker 

The first portion is a temporary event buffer 100 which is functions which are defined as important by the medical 

preferably used to store EVENTs and EVENT_TIMEs. The practitioner. 

temporary event buffer 100 is preferably a circular buffer A set of TRIGGER_CRITERIA is representative of indi- 
which sequentially stores a collection of EVENTs and 65 vidua 1 cardiac events and sequences of cardiac events which 
EVENT_TIMEs identified and measured by the control identify cardiac episodes that the medical practitioner con- 
system 34 (FIG. 1) respectively. A circular buffer is a siders important. 



1/22/2007, EAST Version: 2.1.0.14 



5,908,392 

9 10 

TRIGGER_CRITER1A are also representative of pro- CRITERION responsible for initiating the formation of that 

gram flags indicating occurrences of important pacemaker event and waveform snapshot. The TRIGGER^, 

functions. ATRIGGER_CRITERIAbeing met is shown in CRITERION_MARK is followed by a TIME_STAMP 

FIG. 2 as a pointer 124 and is described in greater detail which indicales the ti me and date at which the TRIGGER, 

below in connection with FIG. 3. 5 C RITERION_MARK was placed into the event and wave- 

TRIGGER_CRITERIA are preferably selected by the form snapsho ts. Event snapshots are stored in an event 

medical practitioner from a list provided by the pacemaker hot buffef ug whik waveform snapshots are st0 red in 

manufacturer. A table 126 shows examples of typical f , . . . AA 

TRIGGER_CRITERIA. The first TRIGGER. 3 Waveform Snapshot buffer 140 

CRITERION, "magnet application," involves applying a 10 The initial position of an event snapshot buffer pointer is 

magnet to the pacemaker 10 (FIG. 1) during a follow-up indicated by a SNAPSHOT_BUFFER_l_START 130, 

visit, which enables the medical practitioner to test the while the inilia , position of a waveform snapshot buffer 

TRIGGER_CRITERIA initiated recording and storage of inter - s jndicated b fl S NAPSHOT_BUFFER_2_ 

medical data. The second cntenon, "telemetry trigger, START 142 

allows the medical practitioner to remotely trigger recording 15 

and storage of medical data through telemetry. For example, In summary, when a TRIGGER_CRITERION is met, as 

if the patient has a telemetry-modem interface, the medical indicated by the pointer 124 (FIG. 2), the control system 34 

practitioner can trigger the recording and storage of medical (FIG 2) trans f ers the contents of the temporary event buffer 

data via a modem from a hospital computer or the implant- WQ (F , G 2) [n{Q ^ ^ hQ{ ^ m A 

able device programmer. 20 ju GGER_CRITER ION_M ARK 132 and a TIME. 

The third and fourth criteria, high atrial rate" and "high STAMP 134 are placed into the event snapshot buffer 128. 
ventricular rate, trigger recording and storage of medical , , , - . - x * .. 
• . • .« » • . • | * . i 4 t - i The control system 34 (FIG. 1) then begins recording 
data when the intrinsic atrial or ventricular rate, respectively, , ,. , . T 
exceeds a pre-determined amount (typically 90-200 bpm). EVENTs and EVENT_TIMEs directly into the event snap- 
Similarly, the fifth and sixth criteria, "low atrial rate" and 25 sho1 buffer 128 ^ direct recording into the event snapshot 
"low ventricular rate" trigger the recording and storage of buffcr 128 IS snown b y an EVENT 136 and EVENT_TIME 
medical data when the intrinsic atrial or ventricular rate, 138 ♦ Th e number of EVENTs that may be recorded into the 
respectively, fall below a pre-determined amount (typically event snapshot buffer 128 before normal operation is 
50 bpm). resumed, is defined by a programmable variable EVENT_ 

Hie seventh criterion "exceeded consecutive premature 30 LIMIT_1. When EVENT_LIMIT_1 EVENTs have been 

ventricular contraction (PVC) count," serves as a trigger recorded, the control system 34 (FIG. 1) places a marker to 

when the control system 34 (FIG. 1) detects a pre- signify the end of the event snapshot. The marker is shown 

determined amount (typically 1-15) of consecutive occur- as SNAPSHOT_END_l 144. The control system 34 (FIG. 

rences of PVC. Similarly, the eighth criterion, "exceeded 35 1) then returns to the recording EVENTs and EVENT_ 

consecutive pacemaker-mediated tachycardia (PMT) TIMEs into the temporary event buffer 100 (FIG. 2). 

count," serves as a trigger when the control system 34 (FIG. w r 

1) detects a pre-determined amount (typically 1-15) of an /T'Z'^L 00 ^ f ' """T ? 

consecutive occurrences of PMT. The ninth criteria, "auto EVENTs and EVENT_TIMEs acqu.red prior to and sub- 

mode switch," initiates the storage and recording of medical w sec i mni 10 lbe TRIGGER_CRITERIA betng met. 

data when the control system 34 (FIG. 1) causes the pace- i n response to the TRIGGER_CRITERION being met, 

maker 10 (FIG. 1) to switch pacing modes. For example, if the control system 34 (FIG. 1) also transfers the contents of 

the pacemaker 10 (FIG. 1) switches from an atrial-tracking lhe tem p 0 rary waveform buffer 100 (FIG. 2) into the wave- 

^n^" DD ? R) t ° J a n0D - atn r al - tri > ckln g m °° e (eg- form snapshot buffer 140. The TRIGGER_CRITERIA_ 

VVIR) the recording and storage of medical data would be 4J MARK ln and a nME SXAMP 134 are placed int0 (he 

initiated. waveform snapshot buffer 140. The control system 34 (FIG. 

The TRIGGER_CRITER1A are not limited to the above- y then begins recordin g SAMPLES directly into the wave- 
described examples and may include two or more criteria form bol buCfer 140 ^ number of SAMPLEs lhal , 

SSJSSJ?™ U ^n,inn^v e , an °P e u ra, l rs - , For . ^ im P l f • " may be recorded into the waveform snapshot buffer 140 is 

TRIGGER_CRITERION may be "high atnal rate AND 50 j e g ne< j b y a programmable variable SAMPLE LIMIT 1. 

exceeded consecutive pacemaker-mediated tachycardia .... ' um p . niIT . 0Awr.11- T . ~ 

/r>*iiTA , »• u- u u f,L •„ • ; L . When SAMPLE LIMIT_1 SAMPLES have been 

(PMT) count, in which case both of the criteria must be met , , — . - . /r __ , , 

before the recording and storage of medical data is initiated. recorded, the control system 34 (FIG. 1) places the 

„ " , , 8 . Y? . * T SNAPSHOT_END_2 146 marker before returning to the 

In FIG. 3, two portions of the memory circuit 52 that are , r ,. e Axxr , ¥ r? « . «u . 

ac I c • > • •. * « « l j normal operation of recording SAMPLEs into the temporary 

used for long-term storage of inter-visit medical data are 55 c . « /T -^ % x r™. c i_ , 

shown. When one of the TRIGGER__CRITERIA is met, as waveform buffer 112 (FIG. 2) Tta, a waveform snapshot 

indicated by the pointer 124 (FIG. 2) the formation of a data c ™ of a m ^^i^J^i^^ ^ { ° ^ 

snapshot by the control system 34 (FIG. 1) is initiated. A ^sequent to the TRIGGER_CRITERIA being met. 

data snapshot consists of an event snapshot and a waveform \ n this manner, the medical practitioner is presented with 

snapshot. The event snapshot is a collection of EVENTs and 60 detailed information of the patient's condition before and 

EVENT_TIMEs recorded prior to and subsequent to the after an imp ortant cardiac episode (e.g., an arrhythmia) or a 

same TR1GGER_CRITERIA being met. Similarly, the performance of an important pacemaker function (e.g., a 

waveform snapshot is a collection of SAMPLEs recorded mode switch) 
prior to and subsequent to one of the TRIGGER_ 

CRITERIA being met. Each of the event and waveform 65 A summary of the variables and data structures discussed 

snapshots also contains a TRI G G ER__CRITERI ON_ above in connection with FIGS. 2-3 are shown in Tables 1 

MARK which indicates the particular TRIGGER_ and 2, respectively. 
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We claim: 

1. A diagnostic system for use with an implantable medi- 
cal device, the system comprising: 

sensing means for acquiring medical data from a heart; 

first storage means for temporarily storing the medical 
data acquired by the sensing means; 

a first selection means for selecting at least one trigger 
criteria from a plurality of trigger criteria; 

second storage means for storing the at least one pro- 
grammable trigger criterion; 

first control means for applying the at least one trigger 
criterion to the medical data stored in the first storage 
means and for determining whether the at least one 
trigger criteria has been met; and 

third storage means responsive to the first control means, 
for storing medical data acquired before and after the 
first control means determines that at least one trigger 
criterion has been met. 

2. The diagnostic system of claim 1, wherein: 
the medical data comprises at least two cardiac events; 

and 

the medical data further comprises event time data rep- 
resentative of the time between a current cardiac event 
and a previous cardiac event. 

3. The diagnostic system of claim 2, wherein the medical 
data comprises at least one waveform. 

4. The diagnostic system of claim 3, further comprising: 
a physiological sensor for sensing a physiological param- 
eter of the body; and 

selection means for selecting the physiological sensor for 
the at least one waveform. 

5. The diagnostic system of claim 3, further comprising: 
second control means for defining a predetermined num- 
ber of samples for the at least one waveform that may 
be acquired by the sensing means during a single 
cardiac cycle. 

6. The diagnostic system of claim 3, wherein the first 
storage means comprises: 

fourth storage means for temporarily storing the current 
cardiac event and also for storing the corresponding 
event time data; and 

fifth storage means for temporarily storing the at least one 
waveform. 

7. The diagnostic system of claim 6, further comprising: 
second control means for defining a first data limit for the 

fourth storage means, wherein the first data limit is 
representative of the maximum number of the at least 
one cardiac events that may be stored in the fourth 
storage means; and 
third control means for defining a second data limit for the 
fifth storage means, wherein the second data limit is 
•representative of a maximum number of samples for 55 
the at least one waveform that may be stored in the fifth 
storage means. 

8. The diagnostic system of claim 7, wherein the fourth 
and the fifth storage means are circular buffers, and wherein: 

after the first data limit is reached the first control means 
overwrites the at least one cardiac event and the event 
time data stored in the fourth storage means with a 
newly acquired at least one cardiac event; and 

after the second data limit is reached the first control 
means overwrites the at least one waveform stored in 
the fifth storage means with a newly acquired at least 
one waveform. 
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9. The diagnostic system of claim 8, wherein the third 
storage means further comprises: 

sixth storage means responsive to the first control means, 
for storing at least one event snapshot, wherein the at 
least one event snapshot is representative of the at least 
one cardiac event and of the event time data acquired 
before and after the first control means determine that 
the at least one trigger criterion has been met; and 

seventh storage means responsive to the first control 
means, for storing at least one waveform snapshot, 
wherein the at least one waveform snapshot is repre- 
sentative of the at least one waveform acquired before 
and after the first control means determine that the at 
least one trigger criterion has been met. 

10. The diagnostic system of claim 9, further comprising: 
fourth control means for disabling the sixth storage 

means; and 

eleventh control means for disabling the seventh storage 
means. 

11. The diagnostic system of claim 9, further comprising: 
fourth control means, responsive to the first control 

means, for transferring the medical data stored in the 
fourth storage means to the sixth storage means, after 
the first control means determine that the at least one 
trigger criterion has been met; 

fifth control means, responsive to the first control means, 
for transferring the medical data stored in the fifth 
storage means to the seventh storage means, after the 
first control means determine that the at least one 
trigger criterion has been met; 

first recording means, responsive to the first control 
means, for recording into the sixth and the seventh 
storage means, after the first control means determine 
that the at least one trigger criterion has been met, data 
representative of the at least one trigger criterion which 
has been met, and data representative of the time and 
date during which the at least one trigger criterion has 
been met. 

12. The diagnostic system of claim 11, further compris- 
ing: 

sixth control means for defining a third data limit for the 
sixth storage means, wherein the third data limit is 
representative of the number of the at least one cardiac 
events that must be stored in the sixth storage means 
after the recording means record the data representative 
of the time and date during which the at least one 
trigger criterion has been met; and 

seventh control means for defining a fourth data limit for 
the seventh storage means, wherein the fourth data 
limit is representative of maximum number of samples 
for the at least one waveform that must be stored in the 
seventh storage means after the recording means record 
the data representative of the time and date during 
which the at least one trigger criterion has been met. 

13. The diagnostic system of claim 12, wherein after the 
recording means record data representative of the time and 
date during which the at least one trigger criterion has been 
met, the first control means: 

stores the at least one cardiac event newly acquired by the 
sensing means, and the event time data in the sixth 
storage means instead of the fourth storage means until 
the third data limit is reached; and 

stores the at least one waveform newly acquired by the 
sensing means in the seventh storage means instead of 
the fifth storage means until the fourth data limit is 
reached. 
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14. The diagnostic system of claim 13, wherein the first 
control means: 

stores a marker representative of the end of the at least one 

event snapshot, in the sixth storage means when the 

third data limit is reached; and 
stores a marker representative of the end of the at least one 

waveform snapshot, in the seventh storage means when 

the fourth data limit is reached. 

15. The diagnostic system of claim 14, further compris- 
ing: 

eighth control means for defining a fifth data limit rep- 
resentative of the maximum number of the at least one 
event snapshots which may be stored in the sixth 
storage means; and 

ninth control means for defining a sixth data limit repre- 
sentative of the maximum number of the at least one 
waveform snapshots which may be stored in the sev- 
enth storage means. 

16. The diagnostic system of claim 15, further comprising 
tenth control means for defining whether the sixth and 
seventh storage means operate as circular buffers, wherein: 

when the sixth storage means is defined as a circular 
buffer, after the fifth data limit is reached the first 
control means overwrites the at least one event snap- 
shot stored in the sixth storage means with a newly 
generated at least one event snapshot, starting with the 
first at least one event snapshot stored in the sixth 
storage means; and wherein when the sixth storage 
means is defined as standard buffer, after the fifth data 
limit is reached the first control means disables the 
sixth storage means so that no further event snapshots 
may be stored; and 

when the seventh storage means is defined as a circular 
buffer, after the sixth data limit is reached the first 
control means overwrites the at least one waveform 
snapshot stored in the seventh storage means with a 
newly generated at least one waveform snapshot, start- 
ing with the first at least one waveform snapshot stored 
in the seventh storage means; and wherein when the 
seventh storage means is defined as standard buffer, 
after the sixth data limit is reached the first control 
means disables the seventh storage means so that no 
further waveform snapshots may be stored. 

17. A diagnostic method for use with a medical device 
implanted in a patient, the method comprising the steps of: 

(a) acquiring medical data from a heart; 

(b) temporarily storing the medical data acquired during 
the acquiring step; 

(c) selecting at least one trigger criterion from a plurality 
of trigger criteria; 

(d) storing the at least one programmable trigger criteria; 

(e) applying the at least one trigger criteria to the medical 
data stored during step (b); 

(f) determining whether the at least one trigger criteria has 
been met; and 

(g) storing medical data acquired before and after the 
determination at step (e) that at least one trigger crite- 
rion has been met. 

18. The diagnostic method of claim 17, wherein the 
medical data comprises at least two cardiac events and event 
time data representative of the time between each of the at 
least two cardiac events. 

19. The diagnostic method of claim 18, wherein the 
medical data comprises at least one waveform. 

20. The diagnostic method of claim 19, further compris- 
ing the step of: 
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(h) selecting a physiological sensor as a source for the at 
least one waveform. 

21. The diagnostic method of claim 19, further compris- 
ing the step of: 

5 (h) defining the amount of the at least one waveform that 
may be acquired at step (a) during a single cardiac 
cycle. 

22. The diagnostic method of claim 19, wherein step (b) 
further comprises the steps of: 

10 (h) temporarily storing the at least one cardiac event and 
the event time data in a first memory location; and 

(i) temporarily storing the at least one waveform in a 
second memory location. 

23. The diagnostic method of claim 22, further compris- 
15 ing the steps of: 

defining a first memory limit for the first memory 
location, wherein the first memory limit is representa- 
tive of the maximum number of the at least one cardiac 
20 events that may be stored in the first memory location; 
and 

defining a second memory limit for the second memory 
location, wherein the second memory limit is represen- 
tative of the maximum number of samples for the at 
25 least one waveform that may be stored in the second 
memory location. 

24. The diagnostic method of claim 23, wherein steps (h) 
and (i) storie the medical data in circular buffers, and further 
comprises the steps of: 

30 0) overwriting the at least one cardiac event and the event 
time data stored in the first memory location with an at 
least one cardiac event newly acquired at step (a) after 
the first memory limit is reached; and 
(k) overwriting the at least one waveform stored in the 

35 second memory location with an at least one waveform 
newly acquired at step (a), after the second memory 
limit is reached. 

25. The diagnostic method of claim 24, wherein step (f) 
further comprises the steps of: 

40 (1) storing at least one event snapshot in a third memory 
location, wherein the at least one event snapshot is 
representative of the at least one cardiac event and of 
the event time data acquired before and after the 
determination at step (e) that the at least one trigger 

45 criterion has been met; and 

(m) storing at least one waveform snapshot in a fourth 
memory location, wherein the at least one waveform 
snapshot is representative of the at least one waveform 
acquired before and after the determination at step (e) 

50 that the at least one trigger criterion has been met. 

26. The diagnostic method of claim 25, further compris- 
ing the steps of: 

(z) disabling the third memory location; and 
55 (aa) disabling the fourth memory location. 

27. The diagnostic method of claim 25, further compris- 
ing the steps of: 

(n) transferring the contents of the first memory location 
to the third memory location, after the determination at 
60 step (e) that the at least one trigger criterion has been 
met; 

(o) transferring the contents of the second memory loca- 
tion to the fourth memory location, after the determi- 
nation at step (e) that the at least one trigger criterion 
65 has been met; and 

(p) recording into the third and fourth memory locations, 
after step (o), data representative of the at least one 
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trigger criterion which has been met, and data repre- 
sentative of the time and date during which the at least 
one trigger criterion has been met. 

28. The diagnostic method of claim 27, further compris- 
ing the steps of: 5 

(q) defining a third memory limit for the third memory 
location, wherein the third memory limit is represen- 
tative of the number of the at least one cardiac events 
that must be stored in the third memory location after 
step (p); and 10 

(r) defining a fourth memory limit for the fourth memory 
location, wherein the fourth memory limit is represen- 
tative of a maximum number of samples for the at least 
one waveform that must be stored in the fourth memory 
location after step (p). 15 

29. The diagnostic method of claim 28, further compris- 
ing the steps of: 

(s) storing the at least one cardiac event newly acquired at 
step (a) and the event time data, in the third memory 2Q 
location instead of the first memory location until the 
third memory limit is reached; and 

(t) storing the at least one waveform newly acquired at 
step (a) in the fourth memory location instead of the 
second memory location until the fourth memory limit 2 5 
is reached. 

30. The diagnostic method of claim 29, further compris- 
ing the steps of: 

(u) storing a marker representative of the end of the at 
least one event snapshot, in the third memory location 30 
when the third memory limit is reached; and 

(v) storing a marker representative of the end of the at 
least one waveform snapshot, in the fourth memory 
location when the fourth memory limit is reached. 

31. The diagnostic method of claim 30, further compris- 35 
ing the steps of: 

(w) defining a fifth memory limit representative of the 
maximum number of the at least one event snapshots 
which may be stored in the third memory location; and 

(x) defining a sixth memory limit representative of the 
maximum number of the at least one waveform snap- 
shots which may be stored in the fourth memory 
location. 

32. The diagnostic method of claim 31, further compris- 45 
ing the step of: 

(y) defining whether the third and the fourth memory 
locations operate as circular buffers or as standard 
buffers, wherein: 

when the third memory location is defined as a circular 50 
buffer, after the fifth memory limit is reached, a, newly 
generated at least one event snapshot overwrites the 
older at least one event snapshot stored in the third 
memory location; and wherein when the third memory 
location is defined as standard buffer, after the fifth 55 
memory limit is reached the third memory location is 
disabled so that no further event snapshots may be 
stored; and 

when the fourth memory location is defined as a circular 
buffer, after the sixth memory limit is reached, a newly 60 
generated at least one waveform snapshot overwrites 
the older at least one event snapshot stored in the fourth 
memory location; and wherein when the fourth 
memory location is defined as standard buffer, after the 
sixth memory limit is reached, the fourth memory 65 
location is disabled so that no further waveform snap- 
shots may be stored. 
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33. In an implantable cardiac device, a system for record- 
ing and storing intracardiac electrogram waveforms, com- 
prising: 

converting means for acquiring and converting intracar- 
diac electrogram waveforms into digitized intracardiac 
electrogram waveforms; 

storing means, coupled to the converting means, for 
temporarily storing a first predetermined number of the 
digitized intracardiac electrogram waveforms; 

detecting means for detecting when a change in a patient's 
rhythm has occurred and for producing at least one 
rhythm -change signal in response thereto; and 

control means, in response to the detecting means, for 
triggering the storing means to permanently store the 
first predetermined number of digitized intracardiac 
electrogram waveforms acquired before the at least one 
rhythm-change signal was detected, and a second pre- 
determined number of digitized intracardiac electro- 
gram waveforms after the at least one rhythm-change 
signal was detected. 

34. The system as recited in claim 33, further comprising: 
means for programmably defining a high atrial rate 

threshold; and 

means for detecting when the high atrial rate threshold has 
been exceeded and producing a high atrial rate signal in 
response thereto; 

wherein the rhythm-change signal comprises the high 
atrial rate signal. 

35. The system as recited in claim 33, further comprising: 
means for programmably defining a low atrial rate thresh- 
old; and 

means for detecting when the low atrial rate threshold has 
been exceeded and producing a low atrial rate signal in 
response thereto; 

wherein the rhythm-change signal comprises the low 
atrial rate signal. 

36. The system as recited in claim 33, comprising: 
means for programmably defining a high ventricular rate 

threshold; and 

means for detecting when the high ventricular rate thresh- 
old has been exceeded and producing a high ventricular 
rate signal in response thereto; 

wherein the rhythm-change signal comprises the low 
atrial rate signal. 

37. The system as recited in claim 33, comprising: 
means for programmably defining a low ventricular rate 

threshold; and 

means for detecting when the low ventricular rate thresh- 
old has been exceeded and producing a low ventricular 
rate signal in response thereto; 

wherein the rhythm-change signal comprises the low 
ventricular rate signal. 

38. The system as recited in claim 33, comprising: 
means for programmably defining a predetermined num- 
ber of consecutive premature ventricular contractions 
(PVCs); and 

means for detecting when the predetermined number has 
been exceeded and producing a high PVC signal in 
response thereto; 

wherein the rhythm-change signal comprises the high 
PVC signal. 

39. The system as recited in claim 33, further comprising: 
means for programmably defining a predetermined num- 
ber of consecutive pacemaker mediated tachycardias 
(PMTs); and 
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means for detecting when the predetermined number has 
been exceeded and producing a high PMT signal in 
response thereto; 

wherein the rhythm-change signal comprises the high 
PMT signal. 5 

40. In an implantable cardiac device, a system for record- 
ing and storing intracardiac electrogram waveforms, com- 
prising: 

converting means for acquiring and converting intracar- 
diac electrogram waveforms into digitized intracardiac 10 
electrogram waveforms; 

storing means, coupled to the converting means, for 
temporarily storing a first predetermined number of the 
digitized intracardiac electrogram waveforms; J5 

programming means for selectively programming a plu- 
rality of functions into the implantable medical device; 

detecting means for detecting when a change in at least 
one of the plurality of functions has occurred and for 
producing a change-in-function signal in response 20 
thereto; and 

control means, in response to the detecting means, for 
triggering the storing means to permanently store the 
first predetermined number of digitized intracardiac 
electrogram waveforms acquired before the at least one 25 
change-in-function signal was detected, and a second 
predetermined number of digitized intracardiac elec- 
trogram waveforms after the at least one change-in- 
function signal was detected. 

41. The system as recited in claim 40, wherein: 30 
the control means includes means for selectively operat- 
ing the implantable device in one of a plurality of 
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modes of operation, the plurality of modes of operation 
being selectable by the programming means; 

the detecting means includes means for detecting a 
change in at least one of the plurality of modes of 
operation and for producing a change-in-mode signal in 
response thereto; and 

the at least one change-in-function signal comprises the 
change-in-mode signal. 

42. In an implantable cardiac device, a system for record- 
ing and storing intracardiac diagnostic data, comprising: 

converting means for acquiring a plurality of intracardiac 
diagnostic data, including intracardiac electrogram 
waveforms, and converting the data into digitized sig- 
nals; 

storing means, coupled to the converting means, for 
temporarily storing a first predetermined number of the 
digitized signals; 

detecting means for detecting when a change has occurred 
in one of the plurality of intracardiac diagnostic data, 
and for producing a trigger signal in response thereto; 
and 

control means, in response to the detecting means, for 
triggering the storing means to permanently store the 
first predetermined number of digitized signals 
acquired before the trigger signal was detected, and a 
second predetermined number of digitized signals after 
the trigger signal was detected. 

***** 
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Claim: 

1 . A method for obtaining diagnostic test data including data output of a specific patient comprising: 

• representing on a single report, at least a two dimensional graphical presentation of physiological data of a 
patient and at least a two dimensional graphic format of data of a normal individual relative to the specific 
patient; 

• processing raw data prior to representing the physiological data on the report by smoothing the raw data 
prior to the representation thereby to minimize noise and provide smoothed data, and subsequently 
processing the smoothed data to effect curve fitting; 



• displaying the physiological data as a representation of urodynamic data of the patient, such representation 
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represented as a function of bladder volume; and 

• representing as an output, the urodynamic data and X-ray imaging data. 
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United States Patent [19] 

Churchill et al. 



US006001060A 
[ii] Patent Number: 
[45] Date of Patent: 



6,001,060 
Dec. 14, 1999 



[54] VIDEO DATA REPRESENTATION OF 
PHYSIOLOGICAL DATA 

[75] Inventors: Bernard M. Churchill; Edward F. 

WahJ, both of Pacific Palisades, Calif. 

[73] Assignee: Regents of the University of 
California, Oakland, Calif. 



[21] 
[22] 

[60] 

[51] 
[52] 
[58] 



[56] 



Appl. No.: 08/865,774 
Filed: May 30, 1997 

Related U.S. Application Data 

Provisional application No, 60/019,146, Jun. 4, 1996. 

Int. CI. 6 A61B 5/00 

U.S. CI 600/300 

Field of Search 395/140, 141, 

395/133; 600/300, 301, 398, 400, 440, 
443, 453, 546; 128/920-924, 898, 897 

References Cited 

U.S. PATENT DOCUMENTS 

5,165,410 11/1992 Warne et al 600/425 

5,255,187 10/1993 Sorensen 128/923 X 

5,287,273 2/1994 Kupfer et al 600/431 



5,331,548 7/1994 Rollema et al 600/561 

5,423,329 6/1995 Ergas 600/546 

5,503,986 4/1996 Steers et al 435/7.92 

5,517,251 5/1996 Rector et a 1 348/476 

5,657,759 8/1997 Essen-Moller 600/431 

5,772,584 6/1998 Davies 600/300 

5,800,347 9/1998 Skates et al. .: 600/300 

5,807,256 9/1998 Taguchi et al 600/425 

Primary Examiner— Samuel Gilbert 

Attorney, Agent, or Firm — Oppenheimer, Wolff & Donnelly, 

LLP 

[57] ABSTRACT 

A system for patient diagnostic testing includes the physi- 
ological data output is in a two dimensional graphical 
format. Optionally, the report includes imaging data. Color 
is a dimension provided to the graphical presentation of 
normal patient data in horizontal and vertical dimensions. 
Detrusor pressures are obtained. One detrusor pressure is the 
difference between average data points of the bladder and 
rectal pressures. The other is obtained by subtracting curve 
fitted rectal and bladder pressures. The displayed data is a 
presentation including bladder capacity information, pres- 
sure characteristics, and data as a function of volume such 
that bladder volume is indicated. 
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graphical data is described as being in the two dimensional 
presentation format, it is also possible to have the data in 
three dimensions, namely where the data is resented in the 
x, y, and z axes. 

The scope of the invention is to be determined by the 
following claims. 

We claim: 

1. A method for obtaining diagnostic test data including 
data output of a specific patient comprising: 

representing on a single report, at least a two dimensional 
graphical presentation of physiological data of a patient 
and at least a two dimensional graphic format of data of 
a normal individual relative to the specific patient; 

processing raw data prior to representing the physiologi- 
cal data on the report by smoothing the raw data prior 
to the representation thereby to minimize noise and 
provide smoothed data, and subsequently processing 
the smoothed data to effect curve fitting; 

displaying the physiological data as a representation of 
urodynamic data of the patient, such representation 
being a presentation including bladder volume, a pres- 
sure characteristic, and the physiological data being 
represented as a function of bladder volume; and 

representing as an output, the urodynamic data and X-ray 
imaging data. 

2. A method as claimed in claim 1 including the incor- 
poration of zones as a dimension to the graphical presenta- 
tion of the physiological data of the normal individual, such 
normal data being in horizontal and vertical dimensions. 

3. A method as claimed in claim 2 wherein the zones are 
colors, the colors being selectively green, yellow and red. 

4. A method as claimed in claim 2 including filtering the 
raw data, such that when operating under at least one of the 
conditions that, when a rate of rise of pressure exceeds a 
pre-set value the raw data obtained under such conditions is 
discarded, or when a pressure exceeds an average pressure 
that had been maintained over a recent time period by more 
than a pre-set amount, the raw data obtained under such 
conditions is discarded. 

5. A method as claimed in claim 2 including obtaining a 
detrusor pressure, such detrusor pressure being obtained by 
first smoothing a bladder pressure data and a rectal pressure 
data obtained from a measurement of pressure in the abdo- 
men and then subsequently performing a subtraction of such 
bladder pressure and rectal pressure to obtain the detrusor 
pressure. 

6. A method as claimed in claim 5 wherein the graphical 
presentation contains two detrusor pressures, one detrusor 
pressure being the difference between a time spaced average 
data points of the bladder and rectal pressures and the other 
pressure being obtained by subtracting curve fitted rectal and 
bladder pressures. 

7. A method as claimed in claim 1 including obtaining the 
raw data through analog measurement means, an analog to 
digital data conversion means for converting the raw data to 
a digital input, a software program for reading the digital 
input, means for sampling the converted raw data for mini- 
mizing artifacts in the converted raw data that are substan- 
tially non physiological while retaining the physiological 
data. 

8. A method as claimed in claim 1 including providing the 
colors of green, yellow and red as background on which the 
physiological data is displayed, and the presentation 
includes bladder capacity information as vertical lines, and 
pressure as horizontal colored areas. 

9. A method as claimed in claim 1 including analyzing in 
real time the collected raw data which has been processed, 
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and analyzing the processed data in relation to data obtained 
after obtaining the collected raw data, and including taking 
the collected raw data from the patient and calculating 
characteristics for displaying the physiological data. 

10. A method as claimed in claim 1 including directing a 
catheter into a bladder, including filling the bladder with 
fluid, and measuring the bladder pressure, and locating in the 
abdomen a sensor for measuring pressure in the abdomen in 
the area outside the bladder. 

11. A method as claimed in claim 1 including rendering 
the representation of urodynamic data as an output display 
reported in relation to color, the color being selectively 
representative of physiological significant data. 

12. A method as claimed in claim 1 wherein the diagnostic 
test data output of a specific patient is related relative to 
representative data of a normal individual. 

13. A method for obtaining diagnostic test data including 
data output for a patient comprising: 

representing on a single report, a graphical presentation of 
physiological data of the patient and imaging data of 
the patient; 

processing raw data prior to representing the physiologi- 
cal data on the report by smoothing the raw data prior 
to the representation thereby to minimize noise and 
provide smoothed data, and subsequently processing 
the smoothed data to effect curve fitting; 
displaying the physiological data as a representation of 
urodynamic data of the patient, such representation 
being a presentation including bladder volume, a pres- 
sure characteristic, and the physiological data being 
represented as a function of bladder volume; and 
representing as an output, the urodynamic data and X-ray 
imaging data. 

14. A method for obtaining urodynamics diagnostic, test 
data of a patient comprising representing the production of 
a graphical presentation report of physiological data of a 

40 specific patient, and imaging data of internal anatomical 
features of the patient, including incorporating zones as a 
dimension to the graphical presentation of data of a normal 
individual relative to the physiological data of specific 
patient data, such normal data being portrayed in horizontal 
and vertical dimensions; 

analyzing in real time the physiological data and further 
analyzing the collected data in relation to data obtained 
after obtaining the physiological data; 
processing and presenting the, including taking the patient 
data and calculating the characteristics for the display; 
and 

displaying the physiological data as a presentation, such 
presentation including bladder capacity information, 
and a pressure characteristic, and additionally display- 
ing the imaging data. 

15. A method as claimed in claim 14 wherein the zones arc 
colors, the colors being selectively green, yellow and red. 

16. A method as claimed in claim 15 including providing 
the colors of green, yellow and red as background on which 
the physiological data is displayed, and the presentation 
includes bladder capacity information as vertical lines, and 
pressure as horizontal lines. 

17. A method as claimed in claim 14 wherein the diag- 
nostic test data output of a specific patient is related relative 
to representative data of a normal individual. 
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18. A method for obtaining urodynaraic diagnostic test 
data comprising representing data output of a patient as a 
graphical presentation report of the test data of the patient 
and including incorporating different discrete color zones as 
a background dimension to the graphical presentation of 5 
data of a relatively normal individual in horizontal and 
vertical dimensions, obtaining detrusor pressures, one detru- 
sor pressure being the difference between data points of the 
bladder and rectal pressures and the other being obtained by 
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subtracting rectal and bladder pressures, including display- 
ing as the data, bladder capacity information, pressure 
characteristics, and data as a function of bladder volume; 
and 

relating data output of a specific patient relative to uro- 
dynamic data of a normal individual. 

* * * * * 
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Abstract: ...of four reporting methods for time-dependent information derived from clinical trials; narrative 
text, table, pie chart and icon. Multivariate analysis of variance with a repeated measures design was used to 
analyze the efficiency of subjects 1 (physicians, research nurses and laboratory personnel) assimilation of 
information. Icons were found to be superior to the other reporting formats tested in both speed (p < 0.0001) 
and accuracy (p = 0.02). The differences were most pronounced in subjects' first exposure to the data, 
suggesting that icons reduce the time needed for training. We conclude that icons are a valuable method for 
presentation of time-dependent information in medical settings. 
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Abstract: To evaluate the effectiveness of contrast harmonic (power Doppler imaging) as an ultrasonic modality to 
quantify flow, an in vitro model of perfusion was studied using Optison**T**M, a second-generation ultrasound 
(US) contrast agent. The in vitro model was made of two dialysis cartridges placed parallel and allowed absolute and . 
relative flow quantification on both tube (entry lines) and tissue (cartridges) simulations. Video intensity curves 
were generated using intermittent harmonic power Doppler imaging after bolus injection of contrast. Correlation 
between flow and different parameters extracted from time-intensity curves and previously defined as indicators of 
flow was established for both tissue and entry lines, for flow rates ranging from 0 to 400 mL/min. 
Single-compartment equations were also tested on the model. A good correlation for the tissue model was observed 
between absolute flow and onset time (O), time to maximal enhancement (TME), peak intensity (P), area under the 
curve (AUC), and maximal ascending slope (S) parameters, with a r equals 0.94, 0.94, 0.91, 0.92 and 0.92, 
respectively. The correlation for O, TME, P and AUC parameters was r equals 0,86, 0.90, 0.78 and 0.82, 
respectively for entry lines. The correlation for tissue model and entry line was slightly improved when comparing 
flow ratios with peak ratios (P1/P2) and slope ratios (S1/S2) (r equals 0.95 and 0.94). Flow calculation using the 
gradient-relationship method also showed a good correlation (r equals 0.88) with the experimental flow. The results 
obtained indicated that absolute and relative quantification of flow using PDI is feasible in tube and tissue models. 
Several clinical applications, namely in myocardial, hepatic and renal artery studies, could be derived from these 
results. (Author abstract) 1 5 Refs. 
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Abstract: ...and relative flow quantification on both tube (entry lines) and tissue (cartridges) simulations. Video 
intensity curves were generated using intermittent harmonic power Doppler imaging after bolus injection of 
contrast. Correlation between flow and different parameters extracted from time-intensity curves and previously 

defined as indicators of flow was established for both tissue and entry lines, for flow rates ranging from and 

onset time (O), time to maximal enhancement (TME), peak intensity (P), area under the curve (AUC), and maximal 



ascending slope (S) parameters, with a r equals 0.94, 0.94... 

Descriptors: *Ultrasonic imaging; Medical imaging; Doppler effect; Hemodynamics; Correlation methods; 
Contrast media; Physiological models 



38/5,K/70 (Item 1 from file: 35) Links 
Dissertation Abs Online 

(c) 2006 ProQuest Info&Learning. All rights reserved. 
01874175 ORDER NO: AADAA-I3044146 
Denoising via empirical Bayesian pursuit 

Author: Kramer, Michael L. 
Degree: Ph.D. 
Year: 2002 

Corporate Source/Institution: University of Illinois at Urbana-Champaign ( 0090 ) 
Adviser: Douglas L. Jones 

Source: Volume 6302B of Dissertations Abstracts International. 
PAGE 940. 21 9 PAGES 

Descriptors: ENGINEERING, ELECTRONICS AND ELECTRICAL 
Descriptor Codes: 0544 
ISBN: 0-493-58004-2 

Linear time-frequency and time-scale representations (e.g., the discrete Gabor representation or the discrete 
wavelet representation) provide useful tools for analyzing a variety of time-varying sampled signals including 
speech, medical and geophysical data, communications signals, and images. These representations often yield 
overdetermined signal expansions; for example, adaptive representations such as those arising from best window or 
best basis methods frequently compute highly overdetermined representations prior to selecting a subset of 
coefficients for the analysis representation. This dissertation addresses novel performance metrics and methods for 
blind signal recovery, or denoising, that employ all of the overdetermined representation coefficients. The 
introduction of <italic>L</italic>-unitary frames facilitates the analysis, for which many nondecimated, linear, 
time-frequency and time-scale representations qualify, as do mergers of multiple <italic>L</italic>-unitary frames. 
Worst-case bounds are derived on squared estimation error when denoising via hard-thresholding followed by 
efficient averaging-based synthesis in bounded noise environments; similar bounds guarantee minimum 
signal-to-interference ratios for spread-spectrum interference suppression. After this, the potential of denoising in a 
signal-adapted frame obtained via an eigendecomposition of the threshold-then-average denoising filter is 
considered, including proposing alternative eigendomain weightings as well as the derivation of lower bounds on 
signal concentration in the new eigenframe representation. Following the eigenanalysis of the 
threshold-then-average denoising filter, a hidden Gaussian mixture (GM) signal model is considered. Monte Carlo 
Markov-chain methods are developed for converging to optimal model parameter estimates, which are then used to 
generate a signal-dependent Wiener filter for denoising. Finally, the solution to the latent GM model problem is 
briefly related to traditional methods such as complexity-based signal reconstruction, projection onto 
(signal-adapted) convex subsets, and pursuit-based representation methods. 
Year: 2002 

Linear time-frequency and time-scale representations (e.g., the discrete Gabor representation or the discrete 
wavelet representation) provide useful tools for analyzing a variety of time-varying sampled signals including 
speech, medical and geophysical data, communications signals, and images. These representations often yield 
overdetermined signal expansions; for example, adaptive representations such as those arising from best window or 
best basis methods frequently compute highly overdetermined representations prior to selecting a subset of 
coefficients for the analysis representation. This dissertation addresses novel performance metrics and methods for 
blind signal recovery, or denoising, that employ all of the overdetermined representation coefficients. The 
introduction of <italic>L</italic>-unitary frames facilitates the analysis, for which many nondecimated, linear, 



time-frequency and time-scale representations qualify, as do mergers of multiple <italic>L</italic>-unitary frames. 

Worst-case bounds are as well as the derivation of lower bounds on signal concentration in the new eigenframe 

representation. Following the eigenanalysis of the threshold-then-average denoising filter, a hidden Gaussian 

mixture (GM briefly related to traditional methods such as complexity-based signal reconstruction, projection 

onto (signal-adapted) convex subsets, and pursuit-based representation methods. 



